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INTRODUCTION 

PROFITABLE approach the elucidation the molecular mechanism 
mutagenesis through the comparative analysis the biochemical 
and mutagenic properties related compounds. recent years 
attention has been centred the study the biochemical mode 
action the alkylating agents general and the mustards” 
particular (Ross, 1953; Bergel, 1955). This communication deals 
with the relative mutagenic potency the mature sperm series. 
closely related The study has been restricted 
the sperm, since the response this stage provides the best bio- 
logical measurement the direct interaction between the mutagen 
and the genic material. Mutagenicity the sperm must the 
outcome reactions within the hereditary nucleoproteins, since 
cell-stage consists highly condensed chromosomes with practically 
surrounding cytoplasm. Furthermore, the sperm anabolically 
inert, the sense that its chromosomes not undergo replication. 
This eliminates from the test system the complications nucleoprotein 
synthesis and minimises the role metabolic transport. 

The compounds studied are difunctional aryl-2-chloroethylamines, 
with various substitutions designed alter the non-alkylating, 
prosthetic, moeity the molecule amino-acids, carboxylic acids 
and amines. assay the relationship between dose and mutation 
rate was made for the various compounds with view the assess- 
ment mutagenic potency relation molecular configuration. 
There was ample evidence that mutagenic activity does not only depend 
the reactivity the alkylating groups, but also the nature 
the prosthetic moeity. 


MATERIAL AND TECHNIQUE 


The series analysed this communication were 
synthesised the Chemistry Department (for references see review Bergel, 1955) 
relation cancer chemotherapy. Representatives this series were subjected 
various biological tests and soon became evident that they possess carcinogenic 
activity (in mice and rats), well decisive tumour inhibitory effects (both 
experimental animals and man: see review Haddow, 1955). These agents 
also proved strong mutagens and various aspects their mutagenic properties. 
have already been reported (Bird and Fahmy, Fahmy Fahmy, 1956, 
1959, and For ease reference, the chemical names and well 
the (CB.) code numbers the compounds tested will listed here. 
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Phenylamino-acid mustards. 

CB. 3025 (Melphalan). 

CB. 3026 The D-isomer (Medphalan). 

CB. 3007 The DL-mixture (Merphalan). 

CB. 1385 
amino) phenylbutyric acid. 


acid 
CB. 1348 (Chlorambucil) 


Phenylethylamine mustard. 
CB. 


For the mutagenicity tests, the above compounds were administered our 
micro-injection technique into adult Drosophila melanogaster males the 
stock. Previous experience has shown that the best quantitative results regards 
mutagenicity are obtained when the mutagens are administered aqueous solutions. 
The amine-mustard (CB. 3034) was injected solution the hydrochloride. The 
carboxylic and amino-acid mustards were converted the sodium salts and were 
complete solution the concentrations utilised the present experiments. 
should noted, however, that the sodium salts hydrolyse readily water, giving 
the biologically inactive hydroxyl derivatives. necessitated the preparation 
fresh sample the sodium salt for each experiment, just before administration. 

Males were subjected treatment age hours after eclosion. 
About 200-500 males were selected for each experiment, and they were then 
partially dewinged, and weighed analytical chemical balance. the present 
experiments, the average weight per male was mg. solution the 
compound the desired concentration was then injected calibrated micro- 
meter syringe, around and within the testes the weighed males. Each fly was 
given the same volume solution, gauged the dial the micrometer screw 
operating the plunger the syringe. The injected males were then reweighed. 
The weight before and after injection enables the determination the average 
weight injected per male, which for dilute solutions roughly equal the volume. 
The weighing procedure provided check the delivery the micro-syringe. 
the present experiments the average volume solution received per male was 
the order 0°3 yl. 

The mutations analysed this communication are the sex-linked recessive 
lethals detected the Muller-5 technique (details Fahmy and Fahmy, 1955). 
The present analysis has restricted the progeny the treated males recovered 
days after treatment. This ensure that the mutation rates assayed represent 
the response mature sperm. 


EFFECT DOSE 


analysis the dose effect under given mutagen necessitates 
the consideration the spontaneous mutation rate 
(corresponding zero dose). Males the same average size and 
weight those utilised the mutagenicity tests were injected with 
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isotonic saline per cent. NaCl) and their progeny (during the 
first days after treatment) were tested for sex-linked recessive lethals. 
five control experiments undertaken concomitantly with the 
present series compounds overall sample 2402 X-chromosomes 


TABLE 


The mutagenicity the mustard derivatives phenylalanine 
relation the injected dose 


Concentration Chromosomes Lethals 
tested Per cent. 
CB. 3007 406 
458 
CB. 3025 588 
CB. 3026 559 
CB. 3007 466 
CB. 3026 202 
CB. 3007 377 
396 8-0 
” 74 78 
CB. 3026 482 
CB. 3007 555 
CB. 3026 8-7 
CB. 3007 176 
434 
were tested and were found carry lethals, rate 0-3 per cent. 
This value conformity with the spontaneous rate the sperm 
correction factor the assessment the induced mutation 
rates. 


(i) The mustard derivatives phenylalanine 


The most extensive analysis the effect dose the mutation 
rate was undertaken with the mustard derivatives phenylalanine 


repeatedly ascertained for our stock. has, therefore, been used 
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(table The data with this compound, however, proved 
heterogeneous. This was mainly due the necessity using different 
samples the various experiments because the speedy hydrolysis 
the sodium salt (half life neutral solution room temperature 
hours). Different samples, even the same dose, showed varied 
biological activity regards toxicity, fertility and mutagenicity. 
The size the progeny and turn the number chromosomes 
available for the genetic tests, have accordingly varied the different 


TABLE 


Statistical analysis the mutagenicity the mustard derivative phenylalanine. The 
regression the lethal rate probits) dose log units, log conc. +1) 


Significance and linearity the regression 


Sum squares Mean 
Between doses— 


before correction after correction 
Item 


experiments. Furthermore, different isomeric forms were 
the L-isomer (CB. 3025), the D-isomer (CB. 3026) and the racemic 
mixture (CB. 3007). the assay the mutagenic potency this 
compound, therefore, essential give due weight the 
various mutation estimates, (b) allow for the uncontrollable variation 
replications and (c) assess the significance the isomer effect. 

The statistical analysis the dose effect was undertaken the 
regression technique. double transformation has been used: the 
proportion lethal chromosomes into probits and that dose into 
log dose. ease calculation removing negative signs from the 
log values, the independent variate was taken log concentration 
weighted regression the mutation rate (in probits) 


r 
Mean 
square 
} 


& 
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was then fitted the data (Fisher and Yates, 1953, section 7.1). 
The items for this regression are entered table and the analysis 
goodness fit given table The regression, though account- 
ing for large and very significant sum squares for degree 
freedom), still leaves major error item 126-6 for degrees 
freedom). Clearly the theoretical variance much too small and 
must rejected favour the experimental variance within replica- 
tions the various doses. This item the error was isolated 


@ cB. 3025 
CB. 3026 


40 


MUTATION RATE (WEIGHTED PROBITS) 


1-0 
DOSE (LOG CONC. +1) 


Fic. 1.—The regression mutation rate probits dose log units, under the mustard 
derivatives phenylalanine. 


pooling the sum squares around the mean mutation rates the 
separate doses. can seen from table that the regression item 
compared the within doses error corresponds which 
for degrees freedom decisively significant (P<o-o1). greater 
interest the fact that the mean square for the dose effect which 
unaccounted for the regression not significantly higher than 
the error within replications This shows that the calculated 
linear regression satisfactory representation the data. 

test the isomer effect, different partition the sum 
squares was necessary. The difference the dose values (x) 
used with the isomeric forms, necessitated consideration the 
variance and the covariance This analysis was under- 
taken according Mather’s (1949, section 34) method, and sum- 
marised table 28. The mean square between isomers (after correction 


4 
‘ x 
x 
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for dose differences) substantially lower than that within isomers. 
can, therefore, concluded that the present set data not 
reveal any difference the mutagenicity the various isomers 
the mature sperm. 

TABLE 


The mutagenicity various nitrogen-mustards relation dose 


Lethals 
Concentration Chromosomes 
Mutagen tested 
Per cent. 
(corrected) 
417 
388 
419 
424 
361 
249 
267 
458 
358 3°3 
261 
309 
387 
317 
289 
273 
258 
189 
219 
112 
356 
294 
258 3°6 


The above considerations show that the isomeric forms the 
phenylalanine-mustard may looked upon one and the same 
compound. The dose effect relationship for this compound ade- 
quately described direct linear increase the mutation rate 
probits with the increase dose log units (fig. also desirable 
determine the exact relationship between the original (untrans- 
formed) variables, the change mutation rate with the injected 
molar concentration. For this purpose the best probit estimates 
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corresponding the experimental doses were converted mutation 
rates (percentage lethals). These estimates were found increase 
the first power the dose, indicating that the linear relationship 
holds equally true for the experimental variables. 


(ii) Other nitrogen-mustards 


The study the dose effect was also undertaken for other 
(table each compound weighted linear 


TABLE 


Items the weighted linear regression for the variation 
mutation rate (in probits) with dose (log conc. +-1) 


Mutagen 
TABLE 


Statistical analysis the dose effect the mutagenicity various The 
regression the lethal rate weighted probits) dose log conc. 


Regression Remainder (error) 


regression was calculated for the variation mutation rate probits 
with the injected dose log units (table 4). The goodness fit 
for each line was also determined (table 5). For all compounds the 
linear regression accounted for the major part the sum squares 
leaving small and insignificant for the error, indicating the 
adequacy the linear fitting. Fig. illustrates the calculated 
regression lines for the various compounds probits log dose. 
For each compound the best mutation estimates (deduced from the 
regression and converted percentages) were also found increase 
linearly with the molar dose. 


(iii) Mutability very low doses 


important question relation the variation mutation 
rate with dose, whether threshold effect occurs under chemical 
mutagens. This problem resolves itself testing whether the best 
fitting linear regression mutation rate dose could pass through 
the point origin extrapolated zero dose). This cannot easily 


3034 
1348 
CB. 
CB. 1356 
1385 
CB. 1332 
a 
35 
® 
re) * 
< 


06 
DOSE (LOG CONC +1) 


Fic. 2.—The regression mutation rate probits dose log units, under various 
nitrogen-mustards 


tested when the regression has been calculated for probits log 
dose (log —oo). indirect solution was, nevertheless, possible 
involving the use the formule describing the relationship between 
the transformed variables (table values (in log units) 
under the various compounds corresponding the control mutation 
rate per cent. lethals probits) were calculated, together 
with their standard deviations. These values were then reconverted 
absolute units concentration. With all compounds was possible 
ascertain that the estimated doses corresponding the control 
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mutation rate, were not significantly different from zero (table 6). 
There evidence, therefore, for threshold effect regards 
mutagenicity under the compounds investigated. 


TABLE 


The estimated dose corresponding the spontaneous sex-linked recessive 
lethal rate: 0-3 per cent. probit units 


Estimated 
Mutagen concentration (deviation from 

zero) 

CB. 1356 


CHEMICAL STRUCTURE AND MUTAGENICITY 
From the dose/effect formule deduced for the various compounds, 
the transformation scale) were calculated together with their appro- 
priate standard deviations. The probit values were then converted 
the corresponding percentage sex-linked recessive lethal rates. 
These rates are listed table and compared with the vitro chemical 


TABLE 


Mutagenicity the sperm and chemical reactivity for various 
nitrogen-mustards 


Per cent. mutation acetone-water 66°C. 
Mutagen rate for 
Acid Sodium salt 

undetermined 

1348 


reactivity the chlorine atoms the used, assessed 
the rate hydrolysis aqueous acetone (Everett, Roberts and 
Ross, 1953; Davis, Roberts and Ross, 1955). clear that all 
the compounds are very high order reactivity (under mild 
conditions), regards the production carbonium ions (Ross, 1953). 
All the compounds are also decisively mutagenic the sperm, which 
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direct interaction between the carbonium electrophilic ions and the 
nucleophilic centres the genetic material, the cause muta- 
genicity. evident, however, that there absolute correlation 
between chemical reactivity and mutagenicity. Thus, while the 
compounds listed table are roughly the same chemical reactivity, 
some members the series give significantly different mutation rates, 


almost exclusively hereditary nucleoproteins. This strongly suggests 


% Sex-linked recessive lethals 


CB. 3025 
CB. 3026 NH, COOH 


Fic. 3.—Mutagenic potency the sperm relation chemical structure. The sex- 
linked recessive lethal rate (standard deviation represented vertical lines) induced 


Fig. graphic representation the mutation rates induced 
the sperm injected concentration the compounds 
studied. The mutagenicity the carboxylic acid mustards, general 
structure (I), varies with the length the 


(I) 


acid side chain. The activity higher when (in formula odd 
the acetic and butyric acid derivatives: CB. 1331 and 
1348), than when even the propionic and valeric 
acid derivatives: CB. 1332 and 1356). noted, however, 


rer, 
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that while the difference mutagenicity between the acetic (I, 
CB. 1331) and valeric (I, CB. 1356) acid derivatives 
may not real (since does not reach statistical significance), there 
doubt that the activity the butyric derivative (I, 
CB. 1348) the highest, and that the propionic acid derivative 
(I, CB. 1332) the lowest, among the phenylcarboxylic acid 
mustards. The substitution the carboxyl group the propionic 
acid derivative amino group (thus producing the phenylethyl- 
amine mustard), had very gross effect mutagenicity; the acid 
(CB. 1332) the weakest while the amine (CB. 3034) the most 
active the tested series. 

The introduction amino-group the the 
carboxylic side chain, thus converting the molecule into the corres- 
ponding amino-acid mustard (of general formula 


(II) 


also alters the mutagenic potency. ‘This substitution resulted 
significantly higher mutagenic activity for the phenylalanine derivative 
(II, CB. 3025, 3026, 3007) compared the corresponding 
propionic acid compound (I, CB. 1332). the other hand, 
comparable amino-group insertion the butyric acid mustard (I, 
CB. 1348) led grossly lower mutagenicity the corres- 
ponding amino-acid (II, CB. 1385). consideration the 
amino-acids themselves, also indicates the relevance the length 
the acid side chain. The activity the phenylalanine-mustard 
(II, CB. 3025, 3026, 3007) significantly higher than that 
the amino-butyric acid derivative (II, CB. 1385). 


DISCUSSION 


consideration the biochemical and mutagenic properties 
series alkylating mutagens (including the nitrogen and sulphur 
led the conclusion that mutagenicity under these 
agents probably due direct alkylation some DNA receptors 
the genetic material (Fahmy and Fahmy, 1959). Recent results 
using labelled sulphur mustard (Brookes and Lawley, 1960) 
has yielded strong evidence that the DNA 
(under mild conditions vitro, well some vivo systems) 
the 7-ring nitrogen atom guanine these experiments 
the extent the reaction was the order mol. the 
per DNA molecule (M. 10°). 

The alkylation reaction between DNA and the mustard would 
expected follow the law Mass-action. With dilute solutions 
the reagent and with excess substrate (sperm heads) this reaction 
would expected proceed linearly with increasing concentration. 
single event mutations (sex-linked recessive lethals) could looked 
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upon the biological consequence this reaction, linear relation- 
ship between mutation rate and molar dose would expected. This 
relationship was shown hold true for the action TEM (2:4:6- 
tri(ethyleneimino)-1 :3:5-triazine) post-meiotic sperm (Fahmy and 
Bird, 1953), well for the action the present series nitrogen 
mustards mature sperm. 

the hypothesis mutagenicity through direct alkylation, 
would also expected that the mutation rate given cell popula- 
tion, under compounds roughly the same penetrance, would corres- 
pond their alkylating ability. The closely related series nitrogen 
mustards investigated were roughly the same chemical reactivity, 
but some showed significantly different mutagenicity the mature 
sperm. was possible show that the molecular configuration 
the non-alkylating (or prosthetic) group some relevance. 

The exact role the prosthetic moeity the mutagenic molecule 
biological potency still obscure. Since the variation occurred 
the response the anabolically inert sperm, probably in- 
dependent the mechanisms metabolic transport. Differential 
penetrance the various compounds into the sperm heads (as 
function permeability and other physiological factors), though 
cannot altogether excluded, unlikely have played major 
role. The compounds differ from each other various substitutions 
involving small radicals and are comparable physical properties 
and molecular size. certain, however, that the various molecular 
configurations studied could confer different electrical charges the 
mustard molecules solution. This could influence the alkylation 
reaction between the and DNA, through electrostatic 
phenomena. vitro reactions (Alexander, Cousens and Stacey, 
1957) showed that mustards” with zwitterion (i.e. carrying 
and —ve charge, like the phenylalanine derivative) reacted 
readily with DNA, while those with negative charge (the carboxylic 
mustard, through giving ionised carboxyl groups) failed react either 
partially completely. amine-mustard (CB. 3034) gives 
solution ammonium ions, which may account for its much higher 
mutagenicity than the corresponding negatively charged carboxylic 
acid derivative (CB. 1332). 

There remains the interesting possibility that the variation 
mutagenicity, through changes the prosthetic group, may 
truly chemical phenomenon, due reactions with different sites along 
the chromosomes with varied susceptibility. This could visualised 
arise through steric phenomena governed the molecular con- 
figuration the mutagen relative the gene. The longitudinal 
differentiation the chromosomes into genes different function, 
necessitates some variation genic structural configuration. This 
could conceivably result variation the the DNA 
alkylation receptors (especially the DNA bases) alkylating agents 
different molecular structure. consequence, compounds 
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the same potential alkylating power (as with the present series) 
could produce differential mutability, both quantitatively and qualita- 
tively. Whatever the chemical explanation, now certain that 
various alkylating mutagens produce differential mutagenic effects, 
least regards the induction point-mutation visibles (Fahmy 
and Fahmy, 1959). Even among the chemically related series 
analysed this communication, there was decisive 
difference the ratio visible lethal mutations induced the 
same sample treated X-chromosomes under the derivatives amino- 
acids compared those carboxylic-acids (Fahmy and Fahmy, 
1956 and 19604). This would seem suggest that different prosthetic 
groups may influencing the chemical reactions leading muta- 
genicity and not merely varying the degree penetrance into the 
treated nuclei. 


SUMMARY 


The relationship between the dose injected (around the testes 
the adult), and the mutation rate detected the sperm, has been 
investigated for series aryl-2-chloroethylamines (nitrogen mustards) 
with different prosthetic groups: amino-acids, carboxylic acids and 
amines. With all compounds there was linear relationship between 
the molar dose injected and the sex-linked recessive lethal rate induced. 
This compatible with the chemical evidence that the above 
act through direct alkylation some the DNA 
receptive groups. the same molar concentration however, 
significant differences the mutagenicity the various compounds 
were detectable, and they were not strictly correlated with the 
vitro reactivity the chlorine atoms the chloroethyl-groups. The 
molecular configuration the non-alkylating (prosthetic group) was 
relevant mutagenic efficiency. The role the alkylating and 
discussed. 
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INTRODUCTION 

presence chromosomes additional to, and not homologous 
with, the chromosomes the normal diploid complement has been 
noted large number species, both plant (Darlington, 1956) 
and animal (White, reports undisputed supernumerary 
chromosomes animal populations have been confined invertebrate 
species and principally one group, the Insecta, with the notable 
exception the recording Melander (1950) supernumerary 
chromosomes two species Turbellarian worms. 

the Mollusca, far aware, only two instances 
variation chromosome number within species are known. the 
Prosobranchiate Purpura lapillus, Staiger (1954) found that the haploid 
chromosome number varied from and the 
snail Triodopsis fraudulenta Husted and Burch (1946) found individuals 
having eight chromosomes additional the normal diploid 
complement 58. The numerical variation found Purpura 
lapillus the type first described Robertson (1916), where the 
number chromosome arms constant between individuals, but 
the number chromosomes varies because one more the chromo- 
somal elements may present either single metacentric 
two acrocentric chromosomes. The extra chromosomes found 
Triodopsis fraudulenta are quite different nature, and were inter- 
preted Husted and Burch being polysomatic they appeared 
homologous with chromosomes the regular complement. 

The present report concerned with the occurrence and behaviour 
supernumerary chromosomes populations the Roman snail, 
Helix pomatia which were initially studied attempt obtain 
polyploid animals (cf. White, 1954) for use radiobiological work. 


THE POPULATIONS 


Britain pomatia has limited distribution and confined 
chalky areas the south: the populations themselves have very 
localised distribution and tend occur small pockets. For the 
present study individuals were collected during May and June from 
two populations found the North Downs Surrey; one 
locality known Farthing Downs (population and the other 
about miles away White Hill, betWeen Merstham and Caterham 
(population K). Although the populations are themselves quite 
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distinct, possible that they are not truly isolated because the 
possibility transfer individuals bird predators and human 
interference. 
addition the studies pomatia L., fifteen individuals 
aspersa Mill which were collected Abingdon, Berks, were also 
studied. 
METHODS 


Ovo-testes were dissected out and fixed acetic-alcohol for hours. 
The tissue was then stained using the Feulgen procedure and slides made 
from the teased tissues the squash technique. After squashing, the cover glasses 
were separated from the slides the dry-ice method (Conger and Fairchild, 1953) 
and the preparations made permanent. 


CYTOLOGICAL OBSERVATIONS 


Observations were made principally meiosis primary and 
secondary spermatocytes. few instances mitosis spermatogonial 
cells was studied, but unfortunately oocytes metaphase were not 
observed. All the slides made from each ovo-testis were studied and 
total about cells were scored from each individual. Chromo- 
some counts were made cells diakinesis first metaphase 
meiosis, and only unbroken cells with well spread chromosomes were 
scored. 

(i) The normal chromosome complement 

some the individuals studied the chromosome number was 
determined 54, value confirming counts made Perrot 
and Perrot (1937). Studies spermatogonial mitosis showed that 
all the chromosomes have median sub-median centromeres and 
meiosis bivalents are regularly formed. the metaphase stage 
the bivalents appear rods rings, the smallest bivalent being 
about long and the largest about long (plate, fig. 1). 

polyploid animals were found among the twenty-five individuals 
pomatia which were studied, among the fifteen individuals 
the related species aspersa most individuals 
pomatia about per cent. the primary spermatocytes were 
found tetraploid. these tetraploid cells multivalents were 
observed (plate, fig. and the bivalents were invariably orientated 
spindle. The absence quadrivalents might regarded 
indicating that polyploidy results from the fusion nuclei, either 
within binucleate cell from separate cells, which occurs sometime 
after the completion chromosome pairing, but prior the formation 
the spindle. 

(ii) The supernumerary chromosome 

both populations pomatia individuals were found which 
had from one six chromosomes additional the normal diploid 
chromosome complement. The morphology and behaviour the 
supernumerary chromosomes indicate that there only one type 
chromosome and that this chromosome common both 
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populations and The extra chromosome appears have 
sub-median centromere and may distinguished from the normal 
chromosome complement its small size, being little over 
long meiotic metaphase, and the fact that does not pair with 
any the normal chromosomes. The supernumerary chromosomes 
many plants and animals are heterochromatic, but the additional 
chromosome the snail does not show any heterochromatin, although 
heterochromatin present many the normal chromosomes. 

Apart from few observations made spermatogonial cells, the 
behaviour the chromosome(s) mitosis was not studied, although, 
will discussed later, certain inferences about their behaviour 
mitosis may drawn from the frequency distribution super- 
numerary chromosomes found between 

The behaviour the extra chromosome(s) meiosis character- 
istic. only one supernumerary chromosome present, the 
early stages meiosis its behaviour indistinguishable from that 
the normal chromosomes, except that does not pair with any 
other members the chromosome complement. metaphase the 
extra univalent chromosome does not usually congress onto the 
metaphase plate, but lies between the equatorial region and one 
the spindle poles (plate, fig. becoming incorporated into one 
the two telephase nuclei, and dividing mitotically the second 
anaphase meiosis. Occasionally the supernumerary chromosome 
undergoes congression with, little later than, the normal bivalent 
chromosomes and then usually located the edge the meta- 
phase plate (plate, fig. 3). this latter case the extra chromosome 
undergoes mitotic division the first anaphase and does not divide 
the second division (plate, fig. 10). Both types meiotic behaviour 
the univalent chromosome result per cent. the spermatids 
containing one supernumerary chromosome; instances were 
observed where the extra chromosome failed included the 
daughter cell nuclei (cf. Rees and Jamieson, 1954). 

primary spermatocytes containing two extra chromosomes 
these chromosomes were associated bivalents per cent. the 
cells scored (table 1), each bivalent having single chiasma (plate, 
fig. 5). When more than two chromosomes are present cell 
the extra chromosomes either appear univalents are associated 
bivalents. the 220 cells scored which contained three more 
chromosomes true multivalent associations were observed (plate, 
figs. 6-9), although the early stages meiosis the chromosomes 
are often seen closely associated. 

The supernumerary bivalents behave normally meiosis, the 
half bivalents separating opposite poles the cell: meiotic 
non-disjunction such shown the acrocentric supernumerary 
chromosomes certain Acridide (White, 1954) was found. The 
frequency bivalent formation between chromosomes cells 
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containing six extra chromosomes shown table 
cells containing more than one supernumerary chromosome, cells 

ege 
having odd numbers would have greater probability producing 
their maximum possible number bivalents than cells having even 
numbers supernumerary chromosomes. Such 
appears borne out the results shown table 


TABLE 
Bivalent frequency amongst 
Possible number supernumerary 
bivalents per cell 


Total possible number super- ... 323 
numerary bivalents 


94°7 
numerary bivalents per cent. 


per cent. 


(iii) The frequency distribution supernumerary chromosomes 
within and between individuals and populations 
Four the eleven individuals sampled from population contained 
one more supernumerary chromosomes. the first these 
individuals which were studied (K,—see table about per cent. 
the cells contained single supernumerary chromosome (plate, 
fig. 4); the same chromosome was present the other three individuals 
K,, and Within each these four individuals the number 
supernumerary chromosomes per cell not constant. K,, 
and most the spermatocytes contain single chromosome and 
the range variation between cells small and similar the three 
individuals (table 2). K,, however, there much greater range 
chromosome number and higher modal value, per cent. the 
cells containing supernumerary chromosomes (plate, fig. 8). 

The chromosome constitutions population and were found 
rather similar, the same chromosome present both 
populations, but fewer normal diploid individuals were found 
population (see tables and actual frequency individuals 
population 14, difference which, using Fisher’s (1950) exact 
test, significant the per cent. level. 
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contain chromosomes the number extra chromosomes may vary 
between primary spermatocytes within individual. This variation 
within individuals must arisé through the unstable behaviour 


the supernumerary chromosomes during the development the 
organism. 


the supernumerary chromosomes 


28ll+ aglI+11 4! agll+al goll 


164 


88-9 
per cent, per cent. per cent. 


population 


No. supernumerary chromosomes 
Total no. 


Snail cells 


total sample eleven individuals was taken from the population seven these 
did not possess supernumerary chromosomes. 


not known whether mitotic instability leads the elimination 
chromosomes from the somatic cells, Polycelis tenuis (Melander, 
1950), but mitotic non-disjunction may occur either during the 
development the organism whole possibly only the ovo- 
testes tissues. Mitosis spermatogonial cells was studied but 
examples non-disjunction were found. 

The type distribution cell classes within individuals, see 


TABLE 
The incidence supernumerary chromosomes individuals 
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tables and does not follow the same pattern for each individual. 
two snails, and F,,, the frequency pattern fitted binomial 
other individuals irregular distributions and, least two cases 
(F, and bimodal distributions were found. six out the 
total seventeen individuals which contained chromosomes the 


TABLE 
The incidence supernumerary chromosomes individuals 

No. supernumerary chromosomes 

Total no. 


one the fourteen individuals studied, supernumerary chromosomes were 
observed. 


most frequent cell class consisted cells having one extra chromosome; 
mode two supernumerary chromosomes per cell was found 
individuals, and modes three and five extra chromosomes 
_three and one individuals respectively (tables and 3). 


DISCUSSION 


The haploid chromosome number individuals which 
not contain chromosomes, confirms the counts Perrot and 
Perrot (1937) and White and conforms with their contention 
that the species does not exhibit polyploidy. However, the presence 
supernumerary chromosomes the populations studied, results 
chromosome polymorphism which exists two levels, between 
individuals and between cells within individuals. 

The significant difference between the low frequency individuals 
which contain chromosomes population and the high frequency 
population interesting, especially the supernumerary chromo- 
some the same both populations. The difference between the 
populations may the result number causes such differences 
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the time introduction the supernumerary into the populations 
and differences selection pressure. morphological differences 
could detected between normal diploid individuals and individuals 
possessing chromosomes, and have information indicating 
that the population difference can ascribed particular factor 
factors. 

The range variation the number chromosomes found 
between cells within individuals reveals number interesting 
features, perhaps the most important which the low frequency 
often complete absence normal diploid cells. should 
pointed out that the number cells classed normal (class 
tables and maximum estimate, for the chromosome small 
and although only cells with well separated chromosomes were scored, 
the extra chromosome could obscured the larger chromosomes 
the complement. 

animals which show inter-cell variation chromosome number 
seems plausible interpret the chromosome constitution the 
most frequent, modal, cell class each individual representing 
the original chromosome constitution the fertilised egg. the 
absence cell selection the range variation found within individuals, 
and the frequency the non-modal classes, would reflect both the 
time and the number occasions which mitotic non-disjunction 
occurred. However, the situation does not appear simple 
this some the evidence not contradiction with the suggestion 


that cell selection does fact occur. For example individuals 


and which show bimodal distributions, chromosomes 
represents the original chromosome complement the fertilised egg, 
the young ovo-testes, then produce cells having chromosomes 
would require least two non-disjunctional events either (a) one 
mitosis, producing daughter cells with and 
separate mitoses, the first non-disjunction producing cells with 
and chromosomes and the second producing daughter cells 
with and chromosomes. The derivation cells with 
chromosomes from cells which contain chromosomes, vice- 
versa, might involve more than two non-disjunctional events, but 
all cases all cells had equal chances becoming spermatocytes 
then there would markedly bimodal cell distributions the 
type found and where per cent. the cells have 

That the distribution the various cell classes does not fit 
simple pattern not entirely unexpected, for factors such proximity 
relation blood supply and the spatial arrangement cells will 
important the mitotic potential and the mitotic rate the various 
cell types. thus difficult draw any firm conclusions about cell 
lineage from the data the frequency the various cell classes 
the spermatocyte stage and not clear whether the modal cell 
class each sample represents the original zygotic chromosome 
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complement selected line, although should noted 
that four different modal values have been found the popula- 
tions. 

Perhaps the most regular feature the data the low frequency 
absence normal cells individuals which contain chromo- 
somes. Evidently such cells must produced result non- 
disjunction number individuals, especially those individuals 
which show wide variation cell type. The paucity normal cells 
indicates that the presence one few chromosomes cell 
not detrimental, but may fact confer advantage the cell. 
What sort advantage gained not known, but the presence 
chromosomes might for instance result decrease the duration 
the mitotic cycle giving rate proliferation which greater than 
that the normal diploid cell. 

Provided that the presence chromosomes individual 
does not place disadvantage, then chromosomes will 
maintained the population virtue their advantage over normal 
cells the development the gonads. system such this would 
somewhat similar that described Roman (1948) Maize, 
who found that chromosomes showed selective advantage one 
stage the life cycle the organism, namely fertilisation. 

pomatia confined chalky areas the North Downs 
this country whereas the Continent the species widely dis- 
tributed and not confined calcareous soils; the populations 
this country are fact the periphery the geographical range 
the species. Although hermaphrodite, the species cross-fertilising, 
but because its very localised distribution this country true 
outbreeding must severely limited and large degree inbreeding 
must occur. 

possible that the supernumerary chromosome has arisen from 
chromosome structural change following instability the genotype 
due inbreeding. Such instability known occur inbred lines 
normally outbreeding species, for example Rye (Rees, 1955) 
and can inferred from the development structural hybrids which 
are found normally outbreeding populations plants 
1942; Cleland, 1949) and animals (White, 1957; Lewis and John, 
1957) which have been forced inbreed. supernumerary 
chromosomes have been found continental populations 
pomatia (Perrot and Perrot, 1937; and White, 1954) and the 
occurrence chromosomes the present populations may the 
result changes due inbreeding. this connection also 
interest note the work Darlington (1939), who suggested that 
differences found between the frequency supernumerary chromo- 
somes wild populations and mass cultures Cimex lectularius 
might attributed inbreeding. Changes the chromosome 
system which result the maintenance variation would 
advantage population existing the margins its geographical 
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Plate 
All figs. except fig. are Fig. 1160. 
1.—Meiotic metaphase, normal spermatocyte, 
2.—Polyploid cell, including two supernumerary bivalents. 


3.—Side view showing two cells each with supernumerary chromosome. 
The chromosome each cell unpaired and lies off the metaphase plate. 


cell with one chromosome, 


cells diakinesis each containing two chromosomes. cell 
shows supernumerary bivalent, the right-hand cell the B’s are unpaired, 


7.—Four chromosomes, 
8.—Five chromosomes, 11. 


secondary spermatocyte. Note the single structure the chromosome 
indicating that the parent chromosome underwent mitotic separation 


meiosis. 
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range, and the chromosomes the snail may well importance 
this respect. 


SUMMARY 


cytological study the snails Helix aspersa Mill and Helix 
pomatia L., 54, was carried out attempt obtain polyploid 
individuals for use radiobiological study. polyploid animals 
were found although 1-2 per cent. the primary spermatocytes 
pomatia were found tetraploid. 

Some the individuals pomatia which were sampled 
from two wild populations were found contain from one six 
supernumerary chromosomes. The proportion individuals con- 
taining chromosomes differed between populations. 

Differences the frequencies chromosomes were found 
both between individuals and, many cases, between primary 
spermatocytes within individuals. The relative frequencies normal 
diploid cells and cells containing varying numbers chromosomes 
within individual, indicates that cells with chromosomes may 
have advantage over cells without chromosomes during the 
development the ovo-testes. 

suggested that the presence supernumerary chromosomes 
may the result inbreeding forced upon small populations 
normally outbreeding species existing the limits its geographical 
range. 


the snails used this investigation and for his efficient technical assistance the 
preparation the slides and Hobson for his advice statistical 
matters. 
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INTRODUCTION 


THERE are yet remarkably few cases, other than those involving 
sex other outbreeding mechanisms, which the system maintaining 
balanced polymorphism known. intention this paper 
show that there balanced polymorphism the colony 
Panaxia dominula Cothill near Oxford, and make quantitative 
examination the forces that might maintaining it. will show 
that simple selective force favouring the heterozygote not 
important force this case, that some the selective forces discovered 
Sheppard are probably important, and that there are possibly 
other important selective forces yet discovered. 

The colony this day-flying moth near the villages Cothill 
and Dry Sandford Berkshire has been studied every year 
Ford and his associates since 1939. There are three varieties the 
colony controlled pair alleles: the common homozygous 
wild-type dominula, the heterozygote medionigra, and the rare homo- 
zygote bimacula. The rarer allele, occuring medionigra and bimacula, 
has always been referred the medionigra gene. This colony and 
this segregating locus are very well suited for study polymorphism. 
The colony isolated from other colonies the same species, that 
only single population has considered. There are but two 
alleles and all three genotypes can recognised. The moth 
annual, with four stage life cycle egg, larva, pupa and imago, 
that there overlapping the same stage different genera- 
tions. These last two points make the theoretical analysis the simplest 
possible. Furthermore, the moth can bred the laboratory and 
new, artificial, colonies can started. 

The history the colony has been described Fisher and Ford 
(1947), and Sheppard (1951, 1953, 1956). For the observations 
1956, 1957 and 1958, which are yet unpublished but which have 
this extended study are given figs. The calculated frequency 
the medionigra gene (not the genotype) shown plotted loga- 
rithmic scale against years fig. and Ford’s value for the 
gene frequency and including 1928 plotted against 1928. 
This value was obtained from studying museum collections, and 
they argue that likely higher than the real frequency 
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the colony that time. For the gene frequencies 1939 and 1940 
have added the standard errors the figure, because the sample 
1940, 117 specimens, was much smaller than any other year. 
can seen that although the gene frequency 1940 was apparently 
greater than 1939, could well have been smaller. The gene 
frequency declined from 1939 1947, since when has shown 
consistent trend. The estimates for population size, obtained the 
method mark, release and recapture, are shown, again 
logarithmic scale, fig. The error each figure, given the 
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Fic. 1.—The estimated frequency the medionigra gene Cothill various times. For 
1939 and 1940 the standard error the estimate shown. 


papers quoted, also shown. will refer the other two lines 
this figure towards the end the paper (p. 150). From 1941, when 
the first estimate was made, until 1958 there has been irregular 
increase the size the population, and the regression population 
size years positive 

the gene frequency has decreased and the population size 
increased since the early 1940’s, worth asking whether there 
any simple relation between the two. This question has already 
been asked, and answered the negative, Sheppard (1951). 
his fig. plotted the graphs change population size and 
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the apparent selective value the medionigra genotype. Fig. shows 
the same graphs with their continuations into the 1950’s. 
immediately obvious that Sheppard’s conclusion was right. There 
simple relation between change population size and change 
gene frequency. The two graphs are out phase from 1942 
1948 and phase from 1949 1957. The graphs give the impression 
that each tends, independently, two year cycle, and this were 
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POPULATION SIZE 


200 


100 1940 1943 1946 1949 1952 1955 1958 


Fic. graph: Estimates, and estimated error, the population size the 
Cothill colony Panaxia dominula. 


Middle The two population sizes which one bimacula individual would 
expected the gene frequencies had been the apparent equilibrium points, for 
the two periods indicated the horizontal lines. 


Lower graph: The geometrical mean population size for the same two 
periods. 


so, would explain the existence out-of-phase period and 
in-phase period. However, have not been able convince myself 
that the graphs show more turning points, more maxima and minima, 
than would expected random series. 

Three points are needed for the detection turning point. 
The question what the probability, random series, that the 
middle point any set three will turning point One can 
argue that the second point has equal chances being greater 
smaller than the first, and the third equal chances being greater 
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smaller than the second. Then the probability the second being 
turning point one half. this criterion, both graphs fig. 


Selection 


1944 1946 1948 1950 1952 1954 1956 


Fic. 3.—Continuous line Apparent selective value the medionigra genotype. 
Dashed line Change the population size. 


have too many turning points, that apparent selective value having 
probability less than per cent. being random series, that 
change population size probability less than per cent. 


as 
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the other hand one can argue that taking three different numbers 
all their six possible arrangements, four these have turning 
points, that the expected frequency turning points random 
series two-thirds (Cole, 1954). this accepted, both the graphs 
fig. could random series. more refined test for non-random- 
ness calculate the first serial correlation coefficients. Neither 
these significant, though that for apparent selection, 
with degrees freedom, has probability less than per cent. 
while these series may oscillating series, not yet possible 
prove this. 


SOME POINTS THEORY 


The analysis the changes gene frequency will more easily 
followed some points the theory polymorphism are considered 
first. Even the simplest polymorphism, involving only two alleles 
one locus population with discrete generations, can main- 
tained great variety ways. have listed (Williamson, 1958) 
the systems which are known capable producing polymorph- 
isms: here will give reduced, and rather different, classification 
those which can act the simplest polymorphism, such that 
found Panaxia. These systems can grouped into four categories, 
the first two involving but single selective force, the last two needing 
more than one force. 

category one there single, constant, selective force, and 
for this produce balanced polymorphism must favour the 
heterozygote. perhaps worth pointing out that the definition 
constant selective force arbitrary, and one could define 
such way that the conventionally accepted constant value was 
variable value. polymorphism maintained selection for 
the heterozygote, there will more heterozygotes the population 
than would expected from the Hardy-Weinberg ratios; but the 
converse not true. simple sex dimorphism with per cent. 
males and per cent. females, the frequency the chromosome 
per cent., the expected frequency under random mating 
heterozygotes per cent., against the per cent. observed. 
show excess heterozygotes population shows neither that 
there balanced polymorphism nor, there one, how main- 
tained. Conversely, many cases the excess expected small, 
small that might not possible demonstrate some natural 
population. 

Category two includes balanced polymorphisms maintained 
single variable selective force. Examples are non-random mating, 
including sex, and cases where selection function gene frequency, 
gene number, function varying space time. Members 
this category come under the heading Williamson (1958). 

Members category three can called secondary polymorphisms. 
them selective forces produce polymorphism only because some other 
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selective force has already produced another balanced polymorphism. 
This category includes cases depending sex dimorphism, linkage 
and sex-linkage; theycome under the heading Williamson (1958). 

Category four opinion the only category which the 
expression balance selective forces appropriate, and includes 
all those cases which two more biologically distinct selective 
forces interact give balanced polymorphism. example the 
polymorphism the locus mice (Dunn, 1957). will seen, 
the polymorphism Panaxia dominula probably falls here. 
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Fic. 4.—Curves change gene frequency against gene frequency for three 
balanced polymorphisms. equations the curves are 


Note the difference the scales along the and axes. 


Consider the change gene frequency expected poly- 
morphic population, any the categories listed above, when the 
gene frequency not the equilibrium frequency. population 
with discrete generations has been postulated, the changes gene 
frequency will also discrete, and the frequencies can arranged 
the change from will independent g;, and, general, 
given Will not determined exactly but will have probability 
distribution. other words, the chain will stochastic 
Markov process. the selective forces involved and the initial gene 
frequency, were known, one might still find significantly bad 
fit between the theoretical and observed curves starting if, for 
instance, the first step from happened rather improbable 
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one. analysis polymorphism examining the curve gene 
frequency against time can misleading. better method analysis 
examine the change gene frequency, against gene frequency 
Ag; The probability distribution Ag; depends 
and not and the correct plot Ag; against 

The theoretical curves for against for three balanced poly- 
morphisms are shown fig. Each system has selective forces 
roughly the same intensity, and each has approximately the same 
equilibrium point. Near the equilibrium point, the curves are 
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Fic. 5.—The observed values gene frequency plotted against the changes from those 
values. 1939 and 1940, 1941-1945, 1946-1957. Line the regression 
change gene frequency gene frequency for 1941-1957. and are the 
changes expected for Sheppard’s values for non-random mating and fertility and his 
value for larval mortality, respectively. Lines and are the lines produce, 
conjunction respectively with and line 


approximately straight, and, Lewontin (1958) points out, all 
necessarily have negative slope. Curve polymorphism 
category one, category three and category two. involves 
non-random mating, and its slope much greater than those the 
other two curves. the slope curve near the equilibrium point 
greater than minus one, the gene frequency will oscillate around 
the equilibrium point. Panaxia there possibility such 
oscillation, and the possibility such steep curve. 


THE CHANGES GENE FREQUENCY COTHILL 
From the values used fig. easy construct fig. which 
shows plotted against and some calculated curves which will 
explained due course. Three symbols have been used for the 
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points; the two squares the right refer the gene frequencies 
1939 and 1940, the triangles the middle years 1941-45, and 
the circles 1946-57. The general scatter the points suggests 
balanced polymorphism, being positive for very small and 
negative for larger values. was pointed out the introduction, 
the gene frequency was determined less exactly 1940 than the 
other years, that the two square points fig. are unreliable, 
and have not been used the calculations. The use extreme values 
that are not reliable could easily lead misleading results, though 
this case can seen that they would not have overwhelming 
effect. The correlation with using all nineteen points 
with seventeen points, eliminating the two square 
ones, These values show, least the extent 
which they are significant, that there are non-random forces acting. 
the population closed one, this means that there are 
selective forces and that there balanced polymorphism. There 
suggestion fig. that the equilibrium gene frequency was higher, 
about 5°5 per cent., 1941-45 than the years since. will return 
this point, but for the time being will treat the years 1941-58 
homogeneous set. 

Before trying fit any theoretical curves fig. convenient 
calculate line from the points. Both and are subject 
error and Moran (1956) has pointed out that such case, using 
only second degree statistics, any line between the regression 
and the regression can fitted the data. The 
satisfactory line that assumes that the estimate free from 
error and that all the error Ag, and being based pairs 
values, will fact more subject error than This regression 
line shown fig. and labelled Its slope very 
nearly minus one-half. This the shallowest line that can reasonably 
fitted the points; will seen, quite hard find 
theoretical curve match this. Another obviously possible and 
rather steeper line the reduced major axis (Kermack and Haldane, 
1950). The slope this —o-868. This still less than minus one, 
again seems unlikely that the selective system leads oscilla- 
tion, even damped oscillation, around the equilibrium gene frequency. 
For the moment, will only attempt match line and not any 
steeper one. 

Three conclusions, all rather negative, can drawn from the 
position and slope line The first that the equilibrium gene 
frequency, which now least per cent. the allele for medionigra, 
greater than the frequency observed 1928. That frequency 
was per cent. with fiducial limits 2-6 per cent. and per cent. 
the per cent. and per cent. significance levels. 
Kettlewell tells that taken 1928 were not easily 
distinguished from the wild-type dominula modern medionigra. 
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any case evident from fig. that some very remarkable event 
took place Cothill between 1928 and 1939. The second conclusion 
that selection against the rare homozygote can ignored. 
The equilibrium gene frequency low that eliminating all 
bimacula, which would have frequency about would affect 
extent that negligible compared with the effect indicated 
line 

The third conclusion that selection favouring the heterozygote 
not the principal cause the polymorphism; the polymorphism 
does not belong category one. Suppose that the polymorphism 
category one, and that the selective values dominula, medionigra 
and bimacula are 1—s, and and that the equilibrium gene 
frequency Then will greater than but for any value 
value can found that will give equilibrium 0-035. 
However, cannot exceed one, and with that value the curve 
against will steep can achieved with this system main- 
taining polymorphism. well known that this system the 
and this case this gives slope for the slope 
the curve relating This less than one-tenth the slope 
line and evident that the change gene frequency under 
polymorphism category one would much too slow account 
for the changes observed the population Panaxia dominula 
Cothill. 

Having eliminated some possibilities, one can now examine the 
selective forces found Sheppard (1952, 1953), and see they are 
sufficient account for the polymorphism. found four types 
selection. The first was that bimacula had the marks birds’ beaks 
its wings much more frequently than either medionigra dominula. 
Considering the known lethargy and comparative lack protective 
colouring bimacula this observation probably, though not necessarily, 
means bird predation selective force acting against bimacula. 
have already shown that such selective force can ignored. 

Sheppard started artificial colony with backcross broods 
medionigra dominula, and recovered thirty pupe which twenty-one 
were dominula. This suggests that the survival eggs and larve 
medionigra only about per cent. the survival dominula, 
and this really would lead the change gene frequency 
indicated the line fig. Nothing known the possible 
selection the young stages not much reliance could 
placed the line even were based more extensive experi- 
ments with dominula and medionigra. Nevertheless, some strong selection 
approximating that indicated will needed produce the 
steep downward slope 

The third and fourth types selection found Sheppard relate 
the mating and fertility imagoes. His experiments showed that 
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bimacula males. also showed that dominula prefers mate with 
medionigra rather than dominula, though medionigra when given choice 
medionigra and dominula showed preference. experiments 
with medionigra and bimacula each showed strong preference for the 
other. Haldane (1954) found evidence for mating preference 
the wild, but his test was based the assumption that there 
other selective forces. these exist and seem strong, 
test not valid, and there reason for not using Sheppard’s results. 

convenient combine both their last two sorts selection 
matrix the form have developed (Williamson, 1959), 
before this can done necessary decide numerical values 


medionigra males are less fertile than dominula and possibly also than 


for the forces. variety figures could taken from Sheppard’s 
results, have chosen round numbers close his mean values. 
have though best ignore the results with bimacula, would 
necessary invent figure for its like dislike dominula 
mate and seems rather inconsistent that male medionigra 
less fertile than male bimacula. Leaving bimacula out the equations 
avoids the necessity coming decision these points, and 
restricting attention gene frequencies near the equilibrium point, 
one can expect that ignoring will not lead gross errors. 
For the other values, have assumed that dominula prefers medionigra 

dominula the ratio two one, and that the fertility 

per cent. that dominula. 

The random mating matrix Williamson (1959) has the form 


where and are the frequencies one homozygote, the hetero- 


zygote and the other homozygote, and Adapting this 
the non-random mating and infertility Panaxia gives 


with Manipulation the matrix, and noting that 
this case gives the following formula for the change gene 
frequency 
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The graph this equation shown fig. and labelled 
likely that the curve should, anything, higher; that is, the 
value for for any should greater than that indicated. This 
because Sheppard’s experiments suggest that bimacula both more 
fertile and has greater effect mating preference than medionigra, 
and both these effects would move higher. 

For two selective forces produce polymorphism category 
four, the curves their equations for against must different 
shapes that their resultants resemble the curves fig. Curves 
the types and fig. are one the possible pairs types 
this. rises more sharply first and then flattens out, falls 
steadily, that would possible low that would greater 
than that the resultant was positive, and that higher values 
fortunately rises too slowly, alternatively falls too fast, for 
them produce equilibrium; the resultant negative for 
all The curves which would complement and produce 
the region the equilibrium frequency are also shown fig. 
They are labelled and respectively. That runs such high 
events the Panaxia life cycle. This order is: gene frequency 
observed, selection types three and four (mating preference and 
fertility, curve B), selection type two (juvenile mortality, line C), 
next observation gene frequency. selection types three and 
four increase the gene frequency, selection type two acts higher 
gene frequency than they do. The inverse line will necessarily 
closer the abscissa than 

Sheppard has found selective forces the right type produce 
polymorphism category four. The values has found for the 
strength these forces would not fact produce polymorphism, 
but his values are subject large experimental errors this not 
particularly disturbing. If, the other hand, his values are well 
determined, some other selective force, yet unknown, needed 
produce the observed balanced polymorphism. 

might well leave this study that point, but there 
still one topic that should discussed, requires investigation. 
That the question whether not there have been, since 1941, 
two points equilibrium, and two curves against one fitting 
the triangles fig. (1941-45) and one the circles (1946-57). 
this possibility suggested fig. cannot tested the values 
plotted there. these two curves have existed, each would much 
steeper than curve and each would possibly represent oscillating 
system. quite possible that such system exists Panaxia. For 
the two periods involved one can calculate the geometric mean 
population size, and also that population size which would have 
expectation producing exactly one bimacula the apparent 
equilibrium gene frequency for the period. These two pairs values 
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have been calculated and plotted fig. the geometric means 
being plotted one-tenth their values avoid confusion with 
the main curve. The resemblance the two slopes interesting: 
think not wise speculate any possible meaning this 
resemblance. would just suggest that more mating preference 
experiments should done with possibly using more than 
three moths time. 

The colony Panaxia dominula Cothill has probably been studied 
for longer, and more intensively, than any other population any 
organism, yet more experiments will needed before the genetical 
system the population understood. hope that this paper will 
found useful both showing the present state knowledge 
and indicating what further experiments might tried. 


SUMMARY 


The intention the paper show that there balanced 
polymorphism the Cothill population dominula, and 
make quantitative examination the forces that might main- 
taining it. 

Graphs are given showing the gene frequency 1958 and 
the population size 1957. 

The possibility that both the apparent selection against the 
medionigra genotype and the change population size oscillate with 
period two years examined. 

The mechanisms that can maintain balanced polymorphism 
with two alleles population with discrete generations are classified 
into four categories. 

Reasons are given for examining such polymorphisms with the 
use plot the change gene frequency Ag; against gene 
frequency 

The curve against for the Cothill data has slope 
about steeper, and the equilibrium gene frequency about 
per cent. 

polymorphism maintained selection for the heterozygote 
could give such steep curve low equilibrium point. 

The interaction the selective forces found Sheppard could 
give such curve, though his estimates not fact give curve 
fitting the observed curve. 

The possibilities that there has been more than one equilibrium 
point, that the polymorphic system oscillating one, and that 
there some relation between these and both population size and 
the occurrence few bimacula the population are briefly mentioned. 


use his unpublished results and for his helpful comments the manuscript. 
very grateful Sheppard for the many useful discussions have 
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Kettlewell and Cook for their comments and information. 
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CHARACTER whose inheritance controlled polygenic system 
gives rise distribution phenotypes which, non-segregating 
families and and the first backcrosses and B,, may described 
its cumulants (Fisher, 1925). Other generations such F,, whose 
members may classified into different families according their 
parentage, require, for the description their distributions, the use 
compound cumulants (Nelder, 1959). These are, and similar 


TABLE 


No. linked which must considered evaluating 
cumulants any generation 


Type epistacy 
Order 


generations, the cumulants the family cumulants. There only 
one first order compound cumulant which, being the mean family 
means, simply the over-all generation mean. The second order 
compound cumulants also are familiar from the work Mather (1949) 
and Mather and Vines (1952). the mean the family variances, 
is, apart from sampling variation, the Mather and Vines, 
while the variance family means, These, together 
with the third order compound cumulants, were first studied 
Fisher, Immer and Tedin (1932). 

the presence linkage, provided there epistacy, the 
generation means are independent the linkage parameters. the 
case second order cumulants (or compound cumulants) only 
necessary consider the genes two time, that the recombination 
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cumulant 
2-factor 3-factor 4-factor 
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frequencies between pairs loci give sufficient description the 
linkage distribution. But evaluate cumulants the rth order, 
necessary consider the genes time, and when r>3, the 
recombination frequencies are longer sufficient describe the 
linkage relations. 

When there two-factor epistacy, the number loci which have 
considered time doubled; when there three-factor 
epistacy trebled, and (table 1). The study the properties 
polygenic systems which linkage present has hitherto been 
confined those problems which involve not more than two loci 
that say generation means with epistacy, variances 
and covariances with epistacy, and generation means with two- 
factor epistacy. correspond the part table above the 
broken line, and will referred problems class and 


THE LINKAGE DISTRIBUTION 


order that the more complex problems this type may 
attacked, necessary have system parameters which describe 
completely the linkage relations among arbitrary set loci. 
Geiringer (1944) proposed use for this purpose the relative frequencies 
the different types gamete produced individual hetero- 
zygous all the loci. This method has two disadvantages. Firstly, 
the parameters are not all independent one another since comple- 
mentary gametic types have the same frequency and the sum all 
the frequencies unity. The number independent parameters 
required for loci thus Secondly, the basic set para- 
meters appropriate any given set loci does not include the 
corresponding parameters for subset those loci. Both these 
disadvantages are removed, while the symmetry retained, the 
system which will now proposed. 

Let the frequency recombination between loci and 
Then the frequency with which recombination occurs 
between and the same way, let defined that 
the frequency with which recombination occurs between 
any the loci and and make similar definitions for any even 
number loci. The system parameters obtained progressively 
enlarged, the number loci, increases, the introduction 
additional parameters none which redundant; and the whole 
system, for any completely specifies the linkage relations. This 
clear from table fact, general, the total number para- 
meters 


where the terms the left are the numbers combinations 
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With three loci, new parameters are needed beyond the recom- 
bination frequencies. Geiringer showed that the two homologous 
sets alleles are distinguished the symbols and respectively, 
the gametic frequencies are 


I(o, 0, 1) I, 0) 


TABLE 
No. linkage parameters different types 


and on. 


No. loci Total no. 
(n) parameters 


four loci are easily shown 


etc. 

is, course, possible reduce the number linkage parameters 
some assumptions are made about the crossing-over process. But 
these appear generally lead not simplification the formule 
but rather the reverse. For instance, the variance, the absence 
epistacy and dominance 


a a<b 


the assumption interference made, then, for any set loci 
..., arranged the order their occurrence the linkage 
map, 


but the use these relations eliminate some the parameters 
merely complicates the expression for the variance. 


USE HAYMAN’S DEVICE 


problems class there great difficulty carrying out 
the calculations since only necessary consider typical pair 
loci. But with problems higher class, say, which sets 
loci have considered, the calculations soon get out hand 
unless some special artifice used. convenient device for this 


O- 
e- 
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purpose when considering crosses derived from two inbred lines 
which apart from mutation, cannot show multiple allelism, that due 
Hayman (1954, 1955). Kempthorne (1957) states that Hayman’s 
device sometimes useful when there are two alleles per locus and 
epistacy. The first these conditions essential but 
means necessary that there epistacy. 

Corresponding each locus, Hayman introduces variable 
which can take three possible values according the 
alleles the locus are homozygous heterozygous, homozygous 
(A, denote the alleles greater and lesser effect respectively.) For 
dealing with problems involving linkage, also defines for each 
locus number, such that that like can take 
only the values —1, and the signs the ¢’s are chosen that 
for the double heterozygote, AaBb, when the genes 
are the coupling repulsion phase, respectively. 

When there epistacy, the mean phenotype corresponding 
any genotype, genotypic value has been termed, may now 
written 


Two-factor epistacy may allowed for including terms 
for every pair loci, the coefficients being the interaction 
parameters Several variants this notation have been 
proposed from time time. These have been discussed Hayman 
(1954, 1958) and van der Veen (1959). not necessary here 
elaborate this topic, except perhaps note that write 


which Hayman’s F—oo metric, the interaction parameters are the 

same those Hayman and Mather (1955), but the d,, correspond 


respectively. 

Problems class now reduce essentially the determination 
the expected values products and ¢’s not more than 
loci. 

example, evaluate the third cumulant when there 
epistacy. The moments about the mid-parent are 


abe abe 


terms odd degree and having zero expectations. 
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Now can shown that 


where and the ¢,¢, the right refers the linkage phase 
for coupling and repulsion respectively). Hence after 
little reduction, 


The latter equation obviously reduces that Fisher, Immer and 
Tedin, when all loci are unlinked. For that case, 


a 
all terms are zero, unless 


SOME GENERAL RESULTS FOR SELFING SYSTEMS 


The general form the variances selfing system was given 
Nelder (1952), assuming epistacy. This problem what 
have called the second class. Hayman (1954) also arrived the 
solution using the technique outlined above. 

When two-factor epistacy present, the problem becomes one 
the fourth class. then necessary evaluate the expectations 
products and ¢’s four loci after generations selfing. The 
generalisation Nelder’s result this case lengthy formula which 
probably limited value. However, the expectations four-locus 
products are required for any fourth class problem selfing system 
and are given here for reference. The and ¢’s the the 
equations refer the generation obtained successive selfings 
from that which r.h.s. refers. confusion will result from omitting 
suffices specifying the generation number. 


b4 (37.4) "09,6 ba—Pas, cd cas B} ba (E) 


where denotes summation over the six ways choosing two out 
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GI 
Other results for less than four loci can deduced special cases 
from equations (A) (F). 
For example, obtain let and coincide equation 
Hence 


PavtPar, 


the result for used the last section. 


that p,, and are statistically independent the 


other and ¢’s. Then and 
= = 2-"0 0,62 


whence 


SUMMARY 


Problems determining the cumulants the heritable variation 


any generation when linkage and epistacy are both 
classified according the number loci which 


present can 
necessary 


consider time, and among which the linkage relations have 
specified. When this number greater than three, the recom- 
bination frequencies are longer sufficient describe the linkage 
relations, but the system linkage parameters can completed 
introducing addition, for every set even number loci, 


the frequency with which recombination occurs between 
pair. 


least one 


The use Hayman’s device this type problem illustrated 
obtaining the third cumulant when there epistacy, 


problem class three. Formule are given which make 


NE 
Again, obtain let the locus unlinked with and 


possible the 


eo 
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solution any problem class not greater than four, any genera- 
tion obtained repeated selfing after initial cross between two 
inbred lines. 
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INTRODUCTION 

problem self-fertilisation flowering plants has important 
bearing practical breeding, the conditions under which crops 
are cultivated may bear relationship those under which the 
species has originally developed. Stebbins (1950) considers that cross- 
fertilisation which promotes greater flexibility, the ancestral system, 
and that self-fertilised types have evolved repeatedly response 
selection pressure favour immediate fitness. The cultivation 
pure populations single species results selection pressure for 
fitness and not surprising that many the oldest crop plants 
such wheat and barley are inbreeding character. this context 
interest observe the breeding system the field bean, 
grain crop comparable antiquity, and one which considerable 
cross-fertilisation occurs the field. 

The with some important exceptions, are noted for 
their extreme self-incompatibility, while the field bean appears 
occupy intermediate position between the two extremes. has 
been customary think the restriction self-fertilisation terms 
personate type, with its characteristic all nothing 
effect, but the restriction self-fertilisation does occur many other 
species and genera though less marked degree. For example, 
most the grass species investigated set seed only imperfectly 
selfing and the data available from other groups are broadly similar 
(Beddows, 1931; Smith, 1944). 


SEED-SETTING SELFING 


Previous studies (Rowlands, 1958) have indicated that beans 
the typical Papilionaceous flower has associated with the necessity 
for tripping and better growth foreign pollen, but pollen already 
shed within the keel before the flower opens although unable 
germinate until tripping has taken place. the precise moment 
tripping, foreign pollen would introduced the manipulating 
insect, with the greater chance cross-pollination taking place. 
this were the only mechanism restricting self-pollination, one would 
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expect that artificial tripping the flowers would ensure considerable 
improvements yields seed but this not (fig. 1). 

The first point interest that approximately per cent. the 
population was completely sterile selfing; secondly, the potential 
ovule number per plant varied from 300 700 that nothing like 
the potential seed set was obtained even the plant with the highest 
ovule number. The mean around 20, roughly per cent. the 
potential. Occasional plants from the same population, when grown 
the field, frequently gave 300-400 mature seeds, 60-70 per cent. 
the potential, that high seed fertility can occur under some 
conditions. undoubtedly low, but fig. does not 
indicate whether this due smaller proportion ovules being 
set. fig. may seen the proportion flowers set under various 
conditions outcrossing and selfing. 


LANTS 


SEEDS 


Fic. 1.—Seed produced per plant after tripping. 


Even under open-pollination the field, the maximum seed set 
was per cent. with mean per cent. per cent. the 
seed normally set selfing the field, then the approximate 
percentage self-fertility under field conditions will 16-18, while 
selfing the same population the glasshouse after tripping gave 
mean per cent. would appear that the best plants the 
open may have been cross-pollinated greater degree and the 
actual self-fertility thereby reduced below 16-18 per cent., the 
difference between the two years being due glasshouse effect. 
Selfing the 1956 progeny without tripping shows high proportion 
sterile plants, which could well because inability set 
seed without tripping, while the improvement 1958 could due 
the selection types capable setting some seed without tripping. 
interesting note the identical range seed set the years. 
The effect inbreeding self-fertility will described detail 
subsequent paper. then follows that some mechanism must 
reducing the efficiency self-pollination, and this occurs before 


as 
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fertilisation then any inability otherwise functional pollen achieve 
fertilisation must included the category self-incompatibility. 


MATERIAL 1956 


OUTCROSSED MATERIAL 1955 


FREQUENCY 


MATERIAL 1957 


MATERIAL 1958 


PER CENT. FLOWERS FORMING PODS 


Fic. 2.—Frequency distribution flowers forming pods outcrossed 
and selfed material (per cent.). 


CROSS-FERTILITY 


order separate the factors involved diallel cross was under- 
taken six parent plants, selected three pairs, each pair being 
obtained selfing from common parent. Previous selfing and 
crossing had indicated that position the flower the stem had 
appreciable influence pod setting, the lower flowers being more 
fertile. attempt therefore was made allow for this during the 
lay-out the 
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The six parents were crossed all possible combinations, including 
the six selfings, and five flowers were used for each cross. Thirty 
flowers were required for each parent, but because there was only 
limited number flowers available was inevitable that some un- 
suitable flowers had included with, course, corresponding 
increase experimental error. The total number seeds produced 


TABLE 
Fertility diallel cross 


Plants flowers pollinated per cross 
fertility values seed per flowers crossed 


Reciprocal 
totals 
(54) 
(34) 
Oo 26 (49) 
(38) 
(29) 
Analysis 
Component S.S. M.S. 
Genetic diallel 
| Total 20 313 | eee 
Cytoplasmic diallel 


Sig. per cent. level. 


each set five flowers, together with the analysis the results, 
are given table 

The diallel cross analysis developed Jinks and Hayman (1953) 
can applied the data, but the terms used are not directly com- 
parable. From the above results and accompanying analysis 
table the following observations may made: 

(i) The differences between parents did not reach the level 
significance, although parents and were the least effective 
setting seed, particularly selfing. 
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(ii) The residual cytoplasmic component contains much the 
experimental error, including reciprocal differences between individual 
values. Reciprocal differences between arrays were very small. 

The mean dominance component applies any overall 
superiority crossing over selfing and not significant, the reason 
for this may the mechanical damage resulting from the crossing 
procedure. 


Fic. graph for seed set main Complete data. 


(iv) The component, interaction, significant the per 
cent. level over both errors and indicates that some parents cross 
better than others, and being better than and 

The Wr/Vr graph for this diallel shows significant regression 
line passing through the origin with slope which indicates 
complete dominance and suggests straightforward genetic system 
controlling general fertility. Parents and contain the 
most dominant genes, and parent the least. The data are barely 
significant but they suggest that fecundity general fertility 
recessive. 
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SELF-FERTILITY THE DIALLEL CROSS PROGENY 


The progeny from this diallel cross was subsequently grown 
insect-proof glasshouse and allowed set seed without tripping. 
The small number plants available did not allow for replication 


TABLE 
Selfing diallel progeny 


(Reciprocal totals mean seeds per plant) 


Array 


Parent mean 
Estimated missing values. 


assessment the effect tripping and the values used for analysis 
were the means the plants available. The gaps the 


overcome some extent bulking reciprocals and doubling the 


TABLE 


Comparison between diallels 


{ 
analysis left the sterile crosses the previous generation were 
Parents Progeny 
Mean seed set Mean self-fertility 
Array 
self and single values. gaps, however, still remained the 
progeny parent and these were estimated from the array totals 
using the missing plot technique (table 2). 
The self-fertility the inbred parents general lower than 
that their crosses, although and are more self-fertile than 
and (table 3). Parents and stand out with regard self- 
sterility and also the self-sterility their hybrids, and has the most 
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self-fertile crosses although the data here are less reliable. When the 
variances and covariances are plotted the form Wr/Vr graph 
the four following features are observed (fig. 4): 

(i) Array lies well away from the line and perhaps the estimates 
the missing values may have something with this. 

(ii) Parent appears the most recessive and also one 
the least self-fertile. This indicates that self-sterility the average 
recessive. 

The regression has slope which not quite 
significant but very different from slope unity. 

(iv) departure from unity slope due interaction, removal 
one more parental arrays should bring the line towards slope 


b = 0:32+0-13 


Fic. 4.—Wr/Vr graph for self-fertility diallel progeny. Complete data. 


one. The most likely array but removal the line not 
significant although the coefficient nearer unity (fig. 5). 

Removal array does not appreciably alter the slope 
but the regression line now becomes significant the 
per cent. level. Estimates missing values had made for 
two the array crosses and this effect may due some bias 
their estimation. Scaling generally unsuccessful removing inter- 
action although improvement slope has been attained 
Whitehouse, Thompson and Valle Ribeiro (1958), wheat 
diallel using this method. 

When the complete data are transformed simple log scale, 
the regression line the Wr/Vr graph highly significant, and the 
slope has been improved, although still differs from unity (fig. 6). 
Arrays and now stand out together while the remaining arrays lie 
nearer the origin. Omission arrays and gives further improve- 
ment the slope and although only four points remain, the line 
highly significant but still different from unity slope. 
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Fic. 5.—Wr/Vr graph for self-fertility diallel progeny. Array omitted. 


Fic. graph for self-fertility diallel progeny. Transformed data. 
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most these groups, arrays and are nearer the origin 
than and and can thus regarded possessing more dominant 
genes. Since these arrays are also relatively more fertile may 
inferred that the dominant genes confer self-fertility and the recessives 
sterility. 
DISCUSSION 

Three factors appear involved seed setting the field 
bean, (a) the basic fertility the plant, that is, the number fertile 
ovules produced, the mechanism tripping which prevents self- 
pollen from having opportunity germinate before foreign pollen 
introduced, together with the better growth foreign pollen which 
secondary facet this tripping mechanism, and (c) the restriction 
self-fertilisation. 

The basic fertility the plant related the number flowers 
produced that the number ovules per ovary fairly constant 
within range five six. Flower number ranges from 150, 
although occasional plants have been recorded with many 
200 300. The maximum number ovules produced around 
750 and the minimum 250. The present data selfing show 
maximum seed set between and ovules per plant, which 
approximates per cent. the minimum potential number. 
Even after artificial tripping had been performed the highest set was 
ovules, per cent. Tripping does not appear have increased 
the maximum seed setting selfing but the mean has been improved 
through less plants failing set seed all. Tripping thus appears 
secondary mechanism imposed upon further system but 
acting independently it. 

Although all the effects observed the diallel cannot directly 
attributed self-incompatibility, some genetic control self-fertility 
indicated the data. The problem now arises suggesting 
suitable hypothesis account for the facts. 

Consider simple gene hypothesis where 


and 
Aabb 
that is, homozygosity either recessive gene results sterility the 
fertilised ovule. Then the proportion fertile ovules selfing the 
double heterozygote is: 


sterile combinations 
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the number segregating genes increased the proportion 
fertile ovules selfing will follow the curve, until with segregating 
genes only per cent. will fertile. This curve typical log-curve 
and transforming the proportions ovules the log scale get 
simple relationship between number genes and proportion 
fertile ovules. significant here that transformation the diallel 
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NUMBER SEGREGATING GENES 
Fic. 7.—Relationship between the proportion fertile ovules and 
the number segregating genes. 
data the log scale increased the slope the Wr/Vr regression 
towards unity, and therefore there similar simplification the 
genetic relationship between the parents. 

also interesting note that crossing two plants with 
different numbers segregating genes the fertility would related 
that the more fertile plant, and crossing would give the impression 
greater success, although might only equal that the more 
fertile parent. The preceding argument now allows comment 
the possible mode development this type self-sterility. 
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One can envisage the progress the early Papilionacee towards 
increased outbreeding the development 
flower shape. This itself could only allow slight improvement 
the chance foreign pollen effecting fertilisation, but the develop- 
ment tripping mechanism prevent self-pollen germinating 
until foreign pollen present would increase the chances cross- 
fertilisation per cent. Any further improvement cross-fertilisa- 
tion would best obtained direct inhibition pollen matching 
genotype. Such system characteristic many the modern 
Inevitably associated with such system the accumula- 
tion deleterious recessive genes which the breakdown the 
pollen inhibitory reaction would capable causing considerable 
self-sterility. quite conceivable that the field bean intense 
selection pressure towards selfing has caused such breakdown the 
pollen-inhibiting reaction, not completely then least towards 
complementary reaction favouring foreign pollen. The subsequent 
zygotic infertility resulting from the deleterious recessives could 
regarded the resistance the system change. Where insect 
pollination unsatisfactory, additional pressure towards selfing 
applied the system. The present situation therefore one balance, 
where the pressure inbreed brought bear the conditions 
cultivation and unsatisfactory insect pollination counteracted 
the requirement for tripping and the zygotic infertility. 

This zygotic infertility which would have arisen from the original 
incompatibility system, and now maintains some discrimination over 
the possible gene combinations, has effect taken over the function 
the original incompatibility system reducing the efficiency 
self-pollination. regarded the failure certain 
genetic combinations then such zygotic infertility could included 
under this heading. If, however, incompatibility limited the 
restriction fertilisation then since post-fertilisation process, 
zygote infertility cannot termed incompatibility. Investigation 
other genera and families, including the grasses, would probably show 
the above situation quite general whenever successful self- 
incompatibility system has been modified either under pressure 
cultivation other environmental conditions, thus allowing the 
accumulated deleterious recessives control self-fertilisation. 

the difference between the self-fertility parent diallel 
analyses and was influenced tripping, then follows that 
achieve high self-fertility without tripping hybrids the genes con- 
trolling the ability set without tripping must dominant. 
both the ability set without tripping and also the self-fertility genes 
are dominant then attempt must made continue for sub- 
sequent inbreeding only the homozygous-dominant types, which are 
only detectable their breeding behaviour the following genera- 
tion. Simple selection for seed set selfing would successful 
concentrating the dominant genes population. Such system 
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selection being followed field beans and will discussed 
later paper. 

Additional evidence support infertility the zygotic level 
has been forthcoming from the inbreeding experiment. Large numbers 
abortive pods have been observed; they have remained attached 
the plant despite the fact that the ovules have not developed 
(plate). Normally, flowers drop off when pollination unsuccessful, 
concluded that fertilisation has occurred and that ovule 
abortion followed zygote formation. Histological studies are necessary, 
however, before the precise sequence events can established. 

doubtful whether the proposed hypothesis completely 
adequate but can form basis for further investigation the system. 


SUMMARY 


maximum flower set per cent. was recorded open- 
pollinated material, with mean per cent. Selfing the same 
population glasshouse gave only per cent. even after tripping 
the flowers. 

diallel cross involving six parent plants was not effective 
demonstrating any overall superiority crossing over selfing, but 
showed that some parents crossed better than others. 

Spontaneous self-fertility the progeny from the diallel cross 
showed large differences between parents, numbers and being 
highly self-sterile. 

The Wr/Vr graphs indicate interaction, effect which could 
largely removed scaling. Omission arrays and gives 
further improvement the slope although the slope still differs from 
unity. inferred from the relative position the arrays the 
graph that the dominant genes confer self-fertility and the recessive 
genes The data were also consistent with the necessity 
for tripping being dominant the ability set seed without tripping. 

hypothesis put forward explain this self-sterility terms 
homozygosity deleterious recessive genes which can accumulate 


any outbreeding system. 

Breakdown the original outbreeding system resulting from 
migration the species from its centre origin, and also cultiva- 
tion practices, would followed zygotic sterility caused the 
deleterious recessive genes. 

The implication such hypothesis the possible develop- 
ment inbred lines discussed. 


wish thank Professor Thomas, Director the Welsh 
Plant Breeding Station, for his advice and helpful criticism throughout the investiga- 
tion. also indebted Griffiths for his help and encouragement, 
and other colleagues the Welsh Plant Breeding Station for helpful criticism. 


(a) Aborted pods, Fertile pods. 
Pod setting selfed field beans. 
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NATURAL CROSS BREEDING FABA 


failure plant breeders produce new varieties which show 
any real improvement yield and reliability over established strains 
puts the field bean unique position among the important farm 
crops and has probably been least partly responsible for the steady 
decline acreage this potentially valuable source concentrated 
protein. 

This lack improved varieties must attributed unsatisfactory 
breeding techniques and these turn imperfect understanding 
the breeding system. order therefore gain more information 
the breeding system faba, the experiments described 
here were conducted the University Experimental Farm, Cockle 
Park, Northumberland using winter varieties faba equina and 
spring varieties faba minor and faba major. 

The first step our study the breeding system was estimate 
the frequency cross fertilisation. workers have made such 
estimates. this country Fyfe and Bailey (1951) and Fyfe (1954) 
estimated and 36-2 per cent. cross fertilisation for 
winter beans grown 1948 1951 respectively. Griffiths and 
Rowlands (unpublished) working with winter and spring beans have 
obtained estimates ranging from per cent. cross fertilisation. 
Europe, and for spring beans, Sirks (1923) estimated 34, 41, 31, 
and per cent. for the years 1918-22, Crebert (1931) 5-8 per 
cent., Picard (1953) using over samples collected from different 
parts France and Germany produced estimates ranging from 
per cent., while Shen (1947) Szechuan estimated per cent. 
crossbreeding. Some the continental estimates are close those 
obtained this country, while others vary widely. The occurrence 
this variation not perhaps surprising when one considers that 
they relate different material grown under differing climatic 
conditions which will not only affect the plant but also the insect 
pollinators and their activity. Thus, estimates made continental 
populations may bear little relationship the situation this country. 
Picard (1953) for example, noted relationship between the origin 
his samples and the amount natural crossing, the lower values 
occurring stocks grown the western seaboard France, and 
the higher values from eastern France and from Germany. 


Now the Plant Breeding Institute, Cambridge. 
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(i) Winter beans 

(i) Material and Methods. Colour the seed hilum useful character for the 

detection cross fertilisation and has been used this work. generally 

recognised that hilum colour shows monofactorial inheritance (Sirks, 1931 Erith, 
1930 Picard, 1953 and Fyfe and Bailey, 1951) with black dominant over colour- 

less. Two tests show that the same simple situation exists this material. 


(a) Seeds hybrids between black and colourless hilum plants were black 
colour. When selfed these yielded progeny the ratio black: 

(6) Heterozygotes which were open pollinated population estimated 
contain the two alleles equal frequencies yielded 510 black and 164 
colourless hilum progeny. for fit expected 3:1 ratio 

Sampling. Winter bean material was obtained from two sources 

random sample 332 plants was taken immediately prior harvest 
from plots number different stocks Cockle Park. These plants 
were scored for hilum colour and other characters. 

(6) random sample 115 plants was taken from Norfolk crop, and later, 
six samples not less than 150 seeds were taken from the threshed produce 
the same crop. Both plants and seeds were scored for hilum colour. 

Planting 1954. Cockle Park parents. Progenies white hilum plants and 

black hilum plants were sown alternate progeny rows, with plants per row. 

Norfolk parents. Progenies white hilum plants and black hilum plants 

were sown the same way. 


Planting 1955. three plants were taken from the 1954 rows but 
selections were made from rows which were the progeny 1953 heterozygotes. 
Ninety-nine selections were taken this way and their progeny again sown 
progeny rows, plants per row, 1955. diagrammatic representation the 
method sowing and scoring the material given fig. 

Estimations were made 1954 crossing natural populations 1953, and 
1955 crossing artificial populations 1954. each year the general 
procedure was estimate, 

(a) the amount cross fertilisation due pollen carrying the dominant allele. 

the frequency the dominant allele the parent population and thence 

(c) the total amount cross fertilisation. 

Using Fyfe and Bailey’s (1951) notation, the total number progeny 
plants scored from homozygous recessive mothers, the number black hilum 
plants that progeny and the frequency the dominant allele the parent 
population, then the estimated frequency cross fertilisation derived from 


The estimation (a) The 1953 populations were natural field populations. 
make the assumption that these populations were equilibrium and the 
Hardy-Weinberg rule was used determine the frequency Hence the frequency 
frequency genotypes was derived from the seed sample data and its attached 
error (see table the standard error the mean six sub-samples. For the 
Cockle Park population the estimate derived from the number white hilum 
plants the original random sample and its attached error the standard deviation 


n 


the proportion genotypes the sample from 


Some support for the use the Hardy-Weinberg rule comes from recalculation 
using the proportions homozygotes heterozygotes the 1954 progeny 
the black hilum plants (fig. estimate the frequency the 1953 


sel 
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which very close the value obtained Hardy-Weinberg. However, 
must borne mind,. that this second estimate derived from very small 
sub-sample the population. 
PARK NORFOLK 
RANDOM 
PARENT 
in N n 


@---2Z2 
m---9 ZZZ2Z23 


PLANTS PER PROGENY ROW 


ROWS 


hilum 


n N n 

t 

' 

ROWS 


Fic. 1—Diagrammatic representation sampling and planting 
procedures for winter beans. 


Note:—1955 sowings made from progeny 1953 homozygotes only, and only 


n=Colourless hilum 


progenies black and colourless hilum plants drawn from the field populations, 
(see fig. 1). Hence the parents the 1954 population were not drawn random 
with respect the alleles and and therefore use the Hardy-Weinberg rule 
for the estimation was out the question. 

However, was possible arrive value for from estimates the numbers 
plants the three genotypes which were present 1954. 


The 1954 population consisted the systematic plantings equal numbers 


TABLE 


Genotypic frequencies 1954 population winter beans 


Proportion 1954 population 
No. plants 
1953 
397 
142 
173 
337 
164 0:0679 
210 
Total 2414 1049 


The genotypic frequencies for this population are given table and the 
methods for deriving the estimated values were follows. the 1954 sowings, 
some progeny rows were homogeneous for black hilum colour (see fig. 1). 
order estimate the number heterozygotes among the 539 plants this group, 


three plants were taken random from each these progenies and grown 
1955 progeny rows again (see fig. 1). Ten out total segregated for 
hilum colour the remainder bred true black hilum. This ratio 
0:2632 was used estimate the frequency homozygotes and hetero- 
zygotes the 1954 all black rows. 
The other case where 1954 genotypic frequencies could not scored directly 
from the 1955 progenies concerns the frequencies homozygous and heterozygous 
blacks the 1954 segregating progenies. These progenies were derived from 
heterozygotes which had undergone both selfing and crossing. From each type 
mating can expect per cent. the progeny heterozygotes again, the 
number homozygous recessives determined observation and therefore the 
number homozygous blacks may estimated subtraction the sum the 
other two types from the total. 


1953 
Norf 
Cock 
1954 
Cock 
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(ii) Results. The hilum colour scores the 1954 and 1955 progenies the 
1953 and 1954 populations respectively, are given table together with the 
estimates and the percentage cross fertilisation. 


The estimates cross fertilisation for the two 1953 populations 
are reasonably close each other, and are marked contrast the 


TABLE 


Parent and progeny data hilum colour, with estimates 
cross fertilisation winter beans, 1953 and 1954 


Estimates No. plants 


with hilum Cross 
Parent No. fertilis- 


Population Proportion of genotype progenies ation 


plants 
parent Colour- 


population 
1953 


Cockle Park 


1954 
Cockle Park 


value per cent. estimated for the 1954 population, which 
approaches the very high values obtained Picard (1953). 


(ii) Spring beans 

(i) Material and Methods. Two marker genes were used estimate natural 

crossing the spring bean material, one affecting seed coat colour, the other plant 

height. 

Erith (1930) showed that each these characters controlled single 

major gene. This confirmed observations made during the course this work 
segregating progenies from selfed derived from controlled hybridisations, 

and the progeny open pollinated homozygous lines. These observations reveal 

(a) buff testa dominant yellow testa (V. faba minor). 

(6) buff testa dominant green testa dominant red testa (V. faba major). 

(c) tall habit dominant dwarf habit (V. faba major). 

Estimations were made from 1955 progenies the amount natural crossing 


parents systematic plantings 1954. 


{ | Paren 
Black 440 136 576 
C’less 169 707 876 
C’less 432 1200 1632 


Planting. experimental plots were sown 1954 follows 


(a) yellow seeded German minor” variety, was planted 
systematically with buff-seeded English Tic beans. 

rows buff testa garden broad beans alternating with rows red testa 
broad beans. 

rows dwarf buff seeded broad beans alternating with rows tall green 
seeded broad 


Three plants were taken random from each the homozygous recessive tester 
rows—except the three rows both ends each plot—and their progeny grown 
1955 and scored for the presence the dominant allele, giving measure 


the amount cross fertilisation due the dominant allele 


TABLE 


Estimates cross fertilisation spring varieties 
faba minor and faba major, 1954 


Progeny scores 


recessive testers Estimated 


ominant | recessive Total allele tion 


allele alleles 


faba minor 
Goldbohne 
Tic 


2176 


faba major 
Red Testa 
Buff Testa 


Dwarf Habit 
Tall Habit 


Green Testa 
Buff Testa 


Estimation The estimation the frequency the dominant allele, 
simpler than the case the winter beans. examination seed size 
progenies indicated absence fertilisation between the broad beans and the 
small seeded varieties. Erith (1930) showed that such hybrid seeds were 
intermediate size and distinguishable from either parent. Therefore each sub- 
species was treated separate population even though they were grown the 
same field. 

All samples sown were homogeneous and all parent individuals grown and scored 
proved homozygous. 

The value was therefore estimated directly from the known number 
plants the two genotypes within each area. the case the broad bean 
population all plants with testa colours other than red carried the allele dominant 
red, hence the red and buff testa estimates included the frequency the 
green allele, and the green and buff testa planting the frequency the red allele 
was taken into account component (the recessive allele) since green 
red matings were not scorable 
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(ii) Results. The phenotype scores the progenies the recessive testers are 
given table together with estimates the dominant gene frequencies and the 
percentage cross fertilisation the four experiments. 


The amount cross fertilisation the minor” varieties 
the same order that the eguina” winter bean varieties 
the same year. There is, however, notable reduction outcrossing 
the broad bean varieties. 


(iii) Plant density and cross fertilisation 


small trial sown with spring beans 1955 was designed 
determine whether variations plant density had some bearing 


TABLE 


Estimates percentage cross fertilisation two densities 
planting faba major 


Progeny red testa Esti 
Red testa Buff testa 
j 


the large difference between the percentages cross fertilisation 
1953 and 1954. 

The red testa and buff testa varieties broad bean were planted 
systematically, such that each homozygous recessive red 
rounded homozygous dominant buffs. Two densities planting 
were used, 


(a) plants ft. apart each way—Low density. 
plants in. apart each way—High density. 


The seed progeny the red testa testers was bulked within each 
density group, and the two bulks grown the following season 
and scored for testa colour. The results are given table 

These results give some confirmation that plant density can influence 
the frequency cross fertilisation and indicate that high density 
this will reduced, probably through reduced access flowers 
hindering bee visitation. This conflicts with Fyfe’s (1954) conclusio 
that cross fertilisation was greater higher plant densities. 


THE CONTROL THE BREEDING SYSTEM 


Tripping may defined the release the stigma and style 
from the enveloping keel petals. Careful dissection flowers shows 
that the stigmatic are ruptured the tripping process, 
reported Rowlands (1958) faba and Armstrong and 
White (1935) alfalfa. The dissections also showed that pollen 
present the keel and the stigma for some hours before the 
flower open and ready for bee visitation. Since the majority the 
estimates percentage self-fertilisation are grouped about per 
cent. clear that this self-pollination does not lead complete 
self-fertilisation. Two factors which could operate limit the amount 
self-fertilisation have been investigated. 


(i) The need for tripping 
Large increases seed setting due tripping have been reported 
Reisch (1952), Drayner (1956) and Rowlands (1958). Results 
experiments done this present work confirm this effect tripping 
the efficiency self-fertilisation. 
Two groups winter bean plants were scored for self-fertility 


bee-proof greenhouse. One group was left untripped and the 


other the flowers were tripped manually depressing the keel petals, 
The mean fertility 4-8 pods per 100 untripped flowers was signifi- 
cantly less, the per cent. point, than the mean fertility pods 
per 100 tripped flowers. 

second experiment group spring Tic bean plants, 
the inflorescences were treated pairs, the flowers reduced equal 
numbers, usually each, and those each node were either 
tripped left untripped: pods and seeds resulted from 
tripping 672 flowers, whereas only one pod and one seed were set 
from the 647 flowers which were left untripped. 

clear from these results that self-fertilisation infrequent 


absence tripping and occurs quite readily the flowers are 


tripped. The only visible change brought about the tripping 
process the rupture stigmatic and the difference 
self-fertilisation would seem connected, way not understood, 
but similar that lucerne (Armstrong and White, 1935) with the 
condition the stigmatic surface and the germination self pollen. 
Whatever the precise effect tripping the pollen-stigma reaction 


the tripping requirement has important genetical consequences, for 


serves prevent complete self-fertilisation and hold back self 
pollen until the arrival foreign pollen, brought the tripping 
insect. 
(ii) Spontaneous self-fertility 
This need for tripping does not, however, occur all population 
plants. Observations made during the course this work showed 
that while some plants set seed the absence tripping, others 


| 
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set seed quite readily when untripped, i.e. were spontaneously self- 
fertile, term derived from Drayner (1956) describe this ability 
set seed without disturbance the flower, and synonymous with 
the term autofertility which she uses later (Drayner, 1959). both 
papers she shows that groups untripped crossbred plants showed 
marked increase seed setting over untripped inbreds. Larkin 
and Graumann (1954) distinguished between lines lucerne their 
frequency self-tripping and while self-tripping has not been observed 
faba was thought possible that genetic variability for this 


TABLE 
The effects selection for and against spontaneous self-fertility. 
Fertility expressed flowers treated 


1954 1955 1956 


Plants selected parents. 


character selfing without tripping might present within popula- 
and between lines. 
1955, lines (4-6 plants per line) from spontaneously 
self-fertile plants which had been selfed for one generation since open 
pollination, were compared for spontaneous selfing ability. Alternate 
inflorescences were tripped control. 
For tripped flowers there were significant differences between 
any lines. For the untripped flowers lines, namely S.12 and 
showed significantly greater fertility than other lines. attempt 
was made select for and against this character, and the results 
three line selections are given table 
The data for line show that possible successfully select 
for greater degree spontaneous self-fertility, while line shows 
how rapidly this character may lost. the case line S.12, 


ripped 
| 


spontaneous self-fertility appears declining despite selection 
the opposite direction. 
The selected inbreds and S.12/4 together with four 
which had been twice crossbred and five unselected inbred 
were incorporated trial compare self-fertility with and without 
tripping between these three groups. All plants were hand tripped 
alternate inflorescences, and the results are given table There 
were significant differences fertility between the three groups 


TABLE 


Self-fertility, without tripping, two groups inbred lines and one group double crossbreds 
1956. expressed mean seeds per flower treated. Data transformed 


Inbred lines 
selected for 
spontaneous 
self-fertility 


Double crossbreds 
(i.e. population plants 


Unselected inbred lines 
twice crossbred) 


ref.no. (2)* (2) (1) (2) (2) 


(A) (B) (C) 
Min. significant difference per cent. point between group means test 
Difference B—A 
B—C 


Differences between lines within groups, non-significant. 

Figures parentheses refer number generations inbred. 
when the flowers were tripped, but the values for spontaneous self- 
fertility from the untripped flowers varied considerably. The group 
means the selected inbreds and the crossbreds, while not differing 
from each other, are significantly higher than the group mean 
the unselected inbreds. This clear indication the greater ability 
these two groups self-fertilise the absence tripping. 

These results tables and are such that two explanations 
this spontaneous self-fertility are possible: 

(a) Heterozygosity. twice crossbred plants will hetero- 
zygous for more genes than the unselected inbred lines which 
been selfed for two generations. This immediately suggests 
association between heterozygosity and spontaneous 


I 
2 
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This conclusion agreement with Drayner’s (1956) observation 
that single crossbreds were more spontaneously self-fertile than inbreds 
and plants from commercial stocks. Furthermore the rapid decline 
spontaneous self-fertility line (table after one generation 
selfing can explained assuming that the high value for the 
original parent was due heterozygosity. 

Further evidence the association between spontaneous self- 
fertility and heterozygosity was obtained allowing two inbred lines, 
and derived from crossing them, set seed the absence 
tripping. All flowers produced each the eight plants each 
group were left untripped. 

The results given table illustrate the very marked superiority 
the hybrids spontaneous self-fertility. worth pointing out 


TABLE 
Spontaneous self-fertility inbred lines and the hybrid between them 


Line Line Hybrid from 
Inbred generations Inbred generations 


Total pods 114 


Mean pods/plant 3°625 0°375 


Total seeds 213 
Mean seeds/plant 


Mean seeds/pod 1°55 


that the increased yield the hybrids not simply general manifesta- 
tion greater vigour, although they probably would have yielded 
more than the inbreds under conditions open pollination, nor 
increased number seeds per pod since this value below that 
for one the inbreds, but rather the ability the hybrids 
achieve fertilisation more flowers the absence tripping. 

(b) Specific genes. The results given table self-fertilisation 
and selection line and lesser extent line S.12, are 
strong indication that the inbreeding and selection have served 
concentrate specific genes controlling this character. The intensifica- 
tion its expression from low value 6-5 the initial selection 
values and 75-0 two generations later strongly supports this 
view. 


(iii) Differential pollen tube growth 


has recently been suggested Rowlands (1958) that self and 
foreign pollen germinate the stigma, and grow down the style 


different rates, and that this differentiation between the two types 
pollen initiated the stigmatic exudate following tripping. 
his experiments germinated pollen grains culture solutions 
some which added stylar extract. Presence this extract 
resulted enhanced germination percentage and rate growth 
unrelated pollen. the present work have endeavoured 
detect the operation such mechanism vivo, studying the 
amount seed setting due self and foreign pollen. 


TABLE 


Per cent. cross fertilisation different ovule positions within the pod 


| 
Position pod 
Hilum colour 
progeny 
Style Stem 
Per cent. Black 43°3 44°7 


Correns (1921) was able differentiate between the growth 
two types pollen Melandrium cutting off the style certain 
time intervals after pollination. This method was applied group 
winter bean plants 1955. The flowers were emasculated 
and one group was pollinated with self pollen, the other with foreign 
pollen. The styles some flowers each group were cut the 
bend half hour intervals after pollination. 

The results showed that the critical time for both self and foreign 
pollen tubes was between and hours after pollination, since both 
types pollen tube passed the cutting level during this time interval. 
These results are similar those Drayner (1959), and while they 


| 
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indicate that foreign pollen was advantage this material 
there are also two other possibilities: 


(1) The technique was perhaps not sufficiently refined dis- 
criminate between two slightly different growth rates, 

(2) The differentiation occurs tissues nearer the base the 
style, beyond the point cutting. 


order test these possibilities was decided shift the site 
assessment the seed itself. pollen tubes enjoyed 
growth rate advantage any point between the stigma and the 
ovule, then the ovule nearest the stigma might fertilised more 

Pods were taken from colourless hilum plants (recessive testers) 
drawn random from four natural populations winter and spring 
beans. The seeds were then identified according their position 
the pod, sown, and their progeny scored for hilum colour. Only 
fertilisations due foreign gametes carrying the black hilum allele 
yield information and higher frequency black hilum progeny are 
expected from the stylar end the pod than from the stem end 
foreign pollen enjoys slightly faster growth rate. 

The data for hilum colour the progeny are given table 
The percentages black hilum progeny indicate the same extent 
cross-fertilisation whether the ovules were near to, distant from, 
the style. 

Further, self pollen tubes were slow growing, possible that 
the absence foreign pollen some ovules would remain unfertilised. 
However, was noted over number greenhouse experiments that 
many seeds per pod were set from self- from cross-pollinations. 

These results are supported simultaneous work Drayner 
(1956) who found that mixed pollination with self and foreign pollen 
gave difference seed setting when compared with that due 
self pollen, crossbreds, plants from commercial seed and second 
generation inbreds. Foreign pollen was superior only fourth 
generation inbreds. 

Apart therefore from Rowlands’ (1958) data from cultures the 
evidence points the absence any differential pollen tube growth. 


DISCUSSION 


The data natural cross fertilisation confirm the findings 
earlier workers, that occurs extent intermediate between 
complete self- and cross-fertilisation. The 1953 estimates for the 
Norfolk and Cockle Park populations are similar those obtained 
Britain Fyfe and Bailey (1951), Fyfe (1954), and Griffiths and 
Rowlands (unpublished). the other hand, the 1954 estimates 
for both the winter and the spring field beans show very marked 
increase over those for 1953. This difference may attributed 
one more different causes: 


(1) The sample plants taken from the 1954 winter bean popula- 
tion was not random but was biased with respect their previous 
breeding history. order simplify the scoring the 1955 material, 
colourless hilum seeds were sown from the progeny the 1953 homo- 
zygous recessives only (see fig. 1). That is, progeny were sown 
from known crossbred parents and hence there was discrimination 
against plants likely show high frequency self-fertilisation (see 
spontaneous self-fertility below) leading enhanced estimate 
cross fertilisation. The remarkable genetic purity the spring bean 
varieties with respect testa colour suggests that discrimination 
had operated this material also against the presence spontaneously 
self-fertile plants. This genetic uniformity implies selection and 
isolation the varietal stocks, factors which would lead through 
reduction heterozygosity higher frequency cross-fertilisation. 

(2) The data presented table demonstrate the effect spacing 
cross fertilisation. The nature this effect not 
clear but possibly connected with attractiveness the crop the 
bee. Since the 1954 plants were widely spaced and intersected 
numerous paths, part the 1954-55 difference could attributed 
this cause. would interesting know whether there has been 
general decline the frequency cross fertilisation with the change 
practice from growing beans widely spaced drills the now 
frequent method close drilling, when the crop flowering time 
quite dense. 


(3) The estimates cross fertilisation for the broad bean varieties 


n n 
20 2 


are much lower than those for the field beans grown the same year, 
and under the same conditions. This attribute preference 
the bees for the field bean varieties with their smaller flowers, shorter 
corolla tubes and more accessible nectar. 

possible therefore, account for the variability the estimates 
natural crossing, not only our own data, but also those previously 
reported the literature. Biased sampling, exceptionally wide 
spacing plants, size flowers and climate (Picard, 1953) could 
either singly combination have been responsible for the variation 
per cent. between previous estimates. Therefore those 
reported here only the 1953 winter bean figures relating natural 
field populations can taken measure the frequency cross 
fertilisation under farm conditions. The grouping these estimates 
around per cent. significant when considered relation 
the breeding system the species. 

The need for tripping and the magnitude its effects self- 
fertilisation isolated population plants have been clearly demon- 
strated. The process would seem affect the receptivity the stigma 
self pollen possibly through the rupture stigmatic papille 
lucerne. The tripping requirement delays the germination self 
pollen the stigma until the arrival foreign pollen. Hence cross 
fertilisation possible, but its frequency will depend the relative 
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growth rates self and foreign pollen tubes the tissues stigma 

and style. Rowlands’ (1958) work with pollen cultures suggests that 

foreign pollen enjoys enhanced rate germination and growth, 

but attempts detect this process the stylar decapitation experi- 

ments and measure its consequences scoring the frequency 

cross fertilisation different positions the pod (table 8), give good 

not conclusive evidence that differential pollen tube growth 

does occur, then the difference must very slight. may fact 

limited the fertilisation inbred plants whose own pollen 

low vigour and viability due abnormal meiosis following in- 
breeding. 

concluded therefore from the balance the evidence available 

that the need for tripping coupled with bee visitation and the arrival 

foreign pollen enables self and foreign pollen germinate together, 

and, the absence differential pollen tube growth rates, effect 


However, not all plants need have their flowers tripped set 
seed. Some appear spontaneously self-fertile and from the 
evidence presented tables and would seem that spontaneous 
self-fertility can due two different genetic causes: 
(i) Heterozygosity per se. 
(ii) Specific genes. 

(i) Heterozygosity and spontaneous 

fertility due this cause may regarded particular specific 
expression hybrid vigour, and may reflect the ability the stigma 
stimulate the germination self pollen without the usual pre- 
requisite tripping. Drayner (1956) has pointed out that this 

attribute would particular value the species years low 
bee activity, since confers reproductive independence bee activity 
that proportion the population whose progeny are least likely 
adversely affected the consequences selfing. 
Since pollen shed before the flower opens make the assump- 
tion that self pollen germinates before visitation and therefore that 
all heterozygotes capable spontaneous self-fertilisation 
fertilise. There the possibility, however, that this faculty may only 
utilised visitation occurs, view held Drayner (1959). 
The difference the time which spontaneous self-fertilisation 
occurs but the consequences the species are likely different. 

the first case the number inbreds produced spontaneous 
self-fertilisation would mainly dependent the number spon- 
taneous self-fertile parents the population. the second case 
would depend primarily the level bee activity. With 
adequate population the two useful bumble bees agrorum and 
hortorum one could expect equal numbers inbred and crossbred 


fact, the British estimates cross fertilisation which reach 
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per cent., Fyfe and Bailey’s (1951) figure 48-5 per cent. has been 
shown them due exceptional winter killing inbreds 
their material, leading unusually high estimate crossbreds, 
while the 1954 winter and spring bean estimates reported here are 
doubtful value for the reasons discussed above. Thus there difficulty 
reconciling the above expectation per cent. crossing with the 
evidence only per cent. unless one assumes also that bee activity 
inadequate and result spontaneous self-fertility occurs. There 
evidence support this assumption far are aware, and 
appears unlikely possibility, for the plant buffered against 
variations bee activity the large numbers flowers produced 
both serially time and successive nodes, relation the number 
mature pods which can support. conclude therefore, that 
highly heterozygous crossbreds regularly self-fertilise and yield 
proportion inbred progeny the following generations. 

tempting speculate that the two breeding mechanisms 
discussed above, spontaneous self-fertility and the need for tripping 
which operate different individuals, and which differ their con- 
sequences, may responsible for the frequency estimates 30- 
per cent. crossing natural populations. possible that 30-40 
per cent. crossing may represent equilibrium point balanced 
breeding system where the crossbred one-third self-fertilise through 
spontaneous self-fertility and the inbreds, following insect tripping, 
produce inbreds and crossbreds equal proportions. Such system 
would self perpetuating, yielding one-third crossbreds 
thirds inbreds each generation. 

(ii) Specific genes for spontaneous The data table 
clearly demonstrate the possibility selecting for, and fixing, this 
character line. Rowlands (1958) has discussed the value 
inbred lines agriculture and the adoption this aim long-term 
breeding policy. The formidable problems infertility due 
abnormal meiosis consequent inbreeding, and general inbreeding 
depression remain, but these data spontaneous self-fertility least 
part the way showing that such shift the breeding system 
(already complete the pea) may practicable breeding objective. 


SUMMARY 


Estimates natural cross fertilisation winter field beans 
1953 gave values and per cent. for Norfolk and Cockle 
Park material respectively. 1954 Cockle Park the estimates 
were: for winter beans per cent., for spring field beans 60-5 per 
cent. and for broad beans 32°5, and per cent. cross fertilisation. 

Dissection flowers shows that stigmatic papille are ruptured 
the tripping process and that pollen present the stigma and 
the keel for hours before the flower open and ready for bee 
visitation. 
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complete self-fertilisation. Large increases seed setting due 
self-fertilisation follow tripping. inferred that tripping, through 
the rupture the stigmatic surface, renders the stigma suitable for 
pollen germination, and the need for tripping ensures that, with the 
coincident arrival foreign pollen, both self and foreign pollen may 
germinate together. 

The frequencies self- and cross-fertilisation tripped flowers 
will depend the relative growth rates self and foreign pollen 
tubes down the style. Experiments failed reveal any differential 
growth rates this material and concluded that tripped, 
visited flowers, yield equal numbers selfed and crossed progeny. 

Not all population plants need tripped order set seed. 

Some have the ability self-fertilise quite readily when untripped, 
are spontaneously self-fertile. 

Spontaneous self-fertility property crossbred plants and 
certain inbred individuals and lines. appears have two causes 
(i) heterozygosity population plants, and (ii) specific genes 


the above estimates show, this self-pollination does not lead 


inbred lines. 
suggested that the breeding behaviour plant depends 


its origin. Crossbreds will tend self through spontaneous self- 
fertility while inbreds which require tripped will yield both 
inbred and crossbred progeny. 
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are still many tropical and warm temperate grasses, particularly 
those Asia, Australia and Africa whose nuclear cytology has not 
been fully investigated and whose taxonomy still difficult has 
been subject recent investigation. cytological study some 
these has been begun. The investigation special problems which 
the Herbarium, Kew, and Foster, Samaru, Nigeria, will 
published elsewhere. 

Root-tips seedlings and young anthers have been used for 
chromosome counts species belonging genera the family 
Graminee (table 1). For two genera, Calyptochloa Queensland, 
Australia and Tetrapogon Kenya, and species the counts are new. 
Others differ from those found previous workers (see Darlington 
and Wylie, 1955). 


NOTES TABLE 
ANDROPOGON: Species Hybrids 


Material Andropogon gayanus Kunth, showing morphological 
differences has been collected Foster from different 
parts Nigeria. Morphological differences seem associated 
with polyploidy and aneuploidy. The distribution these forms 
found Foster Nigeria appears such that the diploid 
gayanus Kunth 20) are the north the country, and 
diploid tectorum Schumach and Thonn the south. The tetraploids 
(2n 40) and the aneuploids (2n 43) are between them. 
These latter are presumably hybrids. These plants are being grown 
for further studies and further collections are being made 
Nigeria. The previously recorded chromosome number for the 
variety (A. gayanus var. squamulatus (Hochst.) Stapf) 
(Moffett and Hurcombe, 1949). 


PASPALUM: Somatic Instability 


Material Paspalum dilatatum Poir. has been studied. Part 
this was sent from Nigeria Foster, and part from Toulouse, 
France. The two lots material showed similar cytological aberrations. 
one and the same root-tip, chromosome numbers ranging from 
were found. meiosis, 6-10 univalents appeared 
metaphase and lagged anaphase dyads, tetrads and pollen 
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Chromosome 
counts 


Name Source 


THEMEDA 


ANDROPOGON 
stations) 
DICHANTHIUM 
annulatum (Forsk.) N.B.G. Lucknow, India 
ROTTBOELLIA 


PENNISETUM 
(L.) Schult. 
PANICUM 
miliaceum L.* 
var. album Alef. 
var. flavum Koern. 
var. nigrum Alef. 
var. subsanguineum Koern. 
virgatum 
decompositum R.Br. 
bulbosum H.B.K.* 


Ghana 


Zaklad Bot. Ogolney, Poland 


55-65 Chelsea Physic Garden, London 
U.B.G. Toulouse, 
Zak. Bot. Ogolney, Poland 


BRACHARIA 
ramosa (L.) Stapf N.B.G. Lucknow, India 
SETARIA 
x=9 italica (L.) Beauv. Patna, India 
U.B.G. Toulouse, France 
pumila (Poir.) Roem. Schult.** U.B.G. Toulouse, 
pallide- (Schumach.) Stapf 18, 


palmifolia Stapf 
ambigua Guss.** 


Chelsea Physic Garden, London 


| 
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TABLE 


CHROMOSOMES GRASSES 


Chromosome 
counts 


Source 


ECHINOCHLOA 
crus-galli (L.) Beauv.* (8x N.B.G. Lucknow, India 


colonum (L.) (i) N.B.G. Lucknow, India 
(ii) B.G. Lyon, France 
crus-pavonis (H.B.K.) Schult.* N.B.G. Lucknow, India 
x=g ERIOCHLOA 
RHYNCHELYTRUM 
villosum (Parl.) Chiov.** N.B.G. Lucknow, India 
CENCHRUS 
pennisetiformis Hochst Steud.** N.B.G. Lucknow, India 
PASPALUM 
(ii) Samaru, Nigeria 
(ii) Samaru, Nigeria 
(iii) U.B.G. Toulouse, France 
CALYPTOCHLOA 


ELEUSINE 
(iii) Berlin, Germany 
coracana Gaertn. (i) Patna, India 
Uganda 
Samaru, Nigeria 


=10, 28? 

cilianensis (All.) Lutati B.G. Lyon, France 

*= 10 


petraea (Sw.) Desv.** B.G. Lyon, France 
x=g TETRAPOGON 
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Chromosome 
counts 


Name Source 
PHALARIS 
canariensis Chelsea Physic Garden, London 
CASTELLIA 


AGROPYRON 
repens (L.) Beauv. 


B.G. Berlin, Germany 


Difference from the count previously recorded (see Chromosome for full references). 
new counts. 

Seeds received through Chelsea Physic Garden, London. 

Seeds received through The Royal Botanic Gardens, Kew, U.K. 


Abbreviations used 

B.G.—Botanic Garden 
N.B.G.—National Botanic Garden 
U.B.G.—University Botanic Garden 


grains chromosomes are seen outside the nuclei. The develop- 
ment embryos the embryo sac this species contributes evidence 
apomixis. Seedlings the same species from India have 50. 

Previous Reports: mitosis, Brown (1948) found Krish- 
naswamy (1940) Smith (1948) 40, Hayman (1956) 


50. 
meiosis, Hayman found regularly univalents and Smith 
univalents. Both these authors found regular nearly regular 


behaviour the univalents and speak per cent. presumably 
functional pollen grains. This more less regular behaviour 
not traceable the present study either stock. 


authors’ thanks are due the following for supply seeds 
The Director, The Royal Botanic Gardens, The Curator, Chelsea Physic 
Garden, London The Director, The National Botanic Gardens, Lucknow, India 
Foster, Regional Research Station, Samaru, Nigeria and Bor, 
Hubbard, Clayton and Kennedy-O’Byrne for invaluable help 
identifying herbarium material grown from the seeds supplied. 
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INTRODUCTION 


Salmonella typhimurium (Demerec and Demerec, 1956; Hartman, 
1956; Hartman al., 1958) and Escherichia coli (Morse, Lederberg 
and Lederberg, and functionally related genes are often 
situated close together and arranged the same sequence the 
steps the biochemical pathway which they control. Examples 
this assembly-line arrangement have not been reported organisms 
other than bacteria. Neurospora crassa there are examples very 
close linkages between pairs genes making different contributions 
biosynthetic pathway (Stadler, 1956; Serres, 1956), and 
Horowitz (1955) pointed out that there was some evidence for the 
clustering methionine loci linkage group IV, and cysteine loci 
group VI. 

Methionine mutants are divisible into four groups the basis 
precursor utilisation and the sequence methionine synthesis 
indicated these data 
methionine (Horowitz, 1947; Fischer, 1957). Most the evidence 
from Neurospora crassa (Horowitz, 1955), and from variety micro- 
organisms (Steinberg, 1941; Lampen, Roepke and Jones, 1947; 
Hockenhull, 1949; Clowes, 1958), indicates that the initial stages 
methionine synthesis, which cysteine produced from inorganic 
sulphate, involve the reduction sulphate via sulphite 
sulphate the sulphur incorporated into organic compound. 

the isolation and classification large number methionine 
mutant strains was hoped that previously unknown methionine 
genes might discovered and that subsequent mapping would reveal 
any clustering the methionine loci. 


MATERIALS AND METHODS 


(i) Mutants. The stocks methionine mutant strains comprise collected 
Beadle and Tatum (1945) and 172 new ones. The previously reported mutants, 
described Emerson (1950), Barratt al. (1954) and Stadler (1956), are 38706 
and 35599 (me-1) and 48004 (me-2) 36104 39816 (me-4) 9666 
and 86304 35809 84605 (cys-1) 38401 (cys-2) and 39103 (no 
locus symbol given). 

the new mutant strains 163 were isolated following ultraviolet irradiation 
the wild type stock Emerson The other new mutants were obtained following 
ultraviolet irradiation the prototrophic stock Y8743 (Catcheside, 1954), 

Present address Department Biological Sciences, Stanford University, Stanford, 
California, U.S.A. 
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al-2, 38a. All the strains isolated following ultraviolet irradiation the Emerson 
stock were conidiate, and fertile, and readily formed heterocaryon with 
arginine mutant, K132 (arg-5), isolated after ultraviolet irradiation the same 
wild type strain. The other new mutants and the stocks Beadle’s mutants were 
backcrossed repeatedly, usually three four times, wild type (Emerson 
order select cultures which were conidiate, fertile and heterocaryon compatible 
with the test mutant, K132. 

(ii) Media. The standard minimal medium (VM) used was that Vogel 
(1955) solidified, where necessary, per cent. agar. Where was desirable 
induce colonial growth (Tatum al., 1949) per cent. sorbose and per 
cent. sucrose (VSM) were substituted for the per cent. sucrose. Crosses were 
made Westergaard’s medium (Westergaard and Mitchell, 1947). The appro- 
priate supplements were added the minimal media the following rates (mg./ 
litre) L-arginine monohydrochloride, 400 choline, 
500 cysteic acid, 200: L-cysteine, cytidylic acid L-histidine mono- 
hydrochloride, 300; 200; 250; calcium 
pantothenate, para-amino-benzoic acid, and tryptophan, 50. 

Methods. cultures were incubated 25°C., 34°C. when 
markers were being scored, and ascospore germination was 
stimulated heat treatment for minutes oven 56° 

Tests for precursor utilisation were made appropriately supplemented plates 
VSM. Heterocaryon tests were made superimposing aqueous suspensions 
the conidial components plates VSM. Preliminary linkage data for bio- 
chemical mutants were obtained from repulsion phase crosses counting wild 
type recombinants among ascospores germinated plates VSM. Confirmation 
linkage was sought from ordered tetrads. 


EXPERIMENTAL RESULTS 
(i) Isolation mutants 


The mutant strains were isolated filtration concentration 
technique following ultraviolet irradiation conidial suspensions 
(Catcheside, 1954 and personal communication). The method was 
modified appropriate supplementation the media, order 
select for special classes mutants. experiments this type 
gave neither sulphite mutants nor cysteine mutants unable utilise 


thiosulphate. 
(ii) Precursor utilisation 


All the methionine mutant strains were tested determine which 
the reported intermediates would support their growth. Sulphite 
and thiosulphate media were made replacing the sulphate the 
stock medium equivalent amounts sulphur magnesium 
sulphite thiosulphate respectively. Thiosulphate medium was also 
made adding filter-sterilised sodium thiosulphate (A.R.) aseptically 
sulphate sulphur per ml. this way was hoped differentiate 
between mutants able utilise thiosulphate and any cysteine mutants 
growing possible traces sulphide. 

Sulphite, cysteic acid, homocystine, choline 
benzoic acid did not support the growth any the mutant strains. 
The remainder the results are listed table 
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(iii) Heterocaryon complementation 


The mutants could divided into groups such that members 
group did not form prototrophic heterocaryons with all, most, 
members their own group but did with all members the other 
groups. The failure compatible mutants complement demon- 
strates that their mutant genes are physiologically allelic. Wherever 


TABLE 


Precursor utilisation and inter-allelic complementation 


Previously No. 
reported mutants 
mutants studied 


Compounds 
supporting 
growth 


Inter-allelic 
complementation 


Locus 
symbol 


homocysteine 
cys-8 
39816 


cystathionine me-3 36104 
homocysteine 
methionine 
9666 
86304 
39103 


homocysteine 


methionine 


Growth slight when sulphur concentration reduced 


crosses between such strains were fertile no, few, wild type recom- 
binants were obtained, indicating that mutant genes designated 
allelic physiological criteria are located within short region 
the chromosome. complementation was found two 
loci and this will discussed elsewhere. The locus symbols me-7, 
-8, -9, and cys-3, -4, -7, were assigned the groups mutants 
presumed represent previously unrecognised genes. Since sulphite 
and cysteine locus had been reported Phinney (1948), but 
symbols assigned them, cys-5 and were left for them. The results 
are summarised table 


| : 
35599 
me-6 35809 
possibly 
36102 
} 
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(iv) Mapping and linkage data 


Initial experiments were designed detect linkage between 
methionine mutants and markers linkage group IV, and between 
cysteine mutants and markers group VI. was known that 
me-5 was situated the right arm linkage group (Barrett 
1954) and that cys-1 and were located very close each other 
linkage group (Stadler, 1956). When evidence either 
group group linkage was obtained crosses were made, 


TABLE 


Analysis tetrads from two-point crosses providing evidence linkage 


| 
Division Ditype 
Locus Ascus class (see below) 
Total 
no. 


Ascus class 


Catcheside (1951). 
All markers are located linkage groups except sfo (VII) and (III). 


wherever possible, markers both arms the remaining linkage 
groups and evidence linkage was sought. The preliminary data 
indicated that me-1 and me-2 were linkage group IV, me-7 
group VII and me-8 group III. Me-3 (36104) and me-6 (35809) 
had been located previously (Barratt al., 1954) linkage groups 
and respectively. 

More detailed information was sought from ordered tetrads and 
the data, summarised tables and are from asci which 
least one member each spore pair germinated, except that the 
three spore pairs germinated. 

These data confirm that me-1, me-2 and me-5 are the right arm 
linkage group and also indicate that me-2 and me-5 could 
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situated close together. The uncorrected distance from the centro- 
mere me-2, based 229 asci, units, and this locus distal 
and but proximal pan-1, col-1, hist-4 and cot. The 
asci from the cross me-5 tryp-4, pan-1 demonstrate that me-5 distal 
and has uncorrected distance from the centromere 


TABLE 


Analysis tetrads from three-point crosses localising me-2 and 
me-5 within linkage group 


Cross-overs 
Cross class tetrads 
No. Region Type 
str. 
Total 
Total 


Whitehouse (1942). 


tryp-4 me-2 


units. recombination was observed between me-5 and pan-1; 
hence the order these two loci, with respect the centromere, 
was not established. Crosses between me-2 and me-5 mutants were 
made and the data from random spores indicated recombination 
frequency per cent. when corrected for the presence pseudo- 
wild type individuals. This figure may low for has since been 
observed that some stocks carry deleterious viability factors which 
permit germination, but prevent the growth the spores VSM. 
The mutant 39103 (me-7) was associated with the centromere 
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region linkage group VII and second division segregation was 
found among tetrads. 

further methionine gene (me-8) was located the right arm 
linkage group III and data from tetrads gave centromere 
distance units. 

The linkage data far obtained not permit the allocation 
mutant P156 (me-g) linkage group, but confirm that 
distinct from the three other genes (me-1, me-6 and me-8) which are 
associated with the methylation homocysteine methionine. 

Although little progress was made with the mapping the cysteine 
mutants evidence was obtained for the presence any cys loci, 
other than and cys-2, linkage group VI. 


DISCUSSION 


methionine genes, arranged the order the biochemical 
steps which they control, have been associated with the right arm 
linkage group IV, but they not form cluster which the 
genes are adjacent each other. Horowitz and co-workers (Fling 
1957) similarly found evidence for tight clustering, but 
reported that me-2 was proximal and me-5 distal cot. The recent 
evidence Barry (personal communication) that me-1 
situated between and pyr-3 limits the proximity me-1 and 
me-2 between and map units. Thus me-1, me-2 and me-5 
may situated within distance approximately map units. 

Fischer (1957) demonstrated the absence the enzyme cyst- 
athionase the mutant strain 4894 and cystathionase the 
strain (me-2). Both these enzymes cleave cystathionine, the 
former yield cysteine and the latter yield homocysteine. 
was, therefore, interest know whether these two mutants were 
members the postulated cluster. However, the mutant gene 
4894 is, the basis heterocaryon data, physiologically allelic the 
gene 39103 (Buss, 1944) and more recently Mrs Allen 
(personal communication) established that 4894 located linkage 
group VII, whereas me-2 linkage group IV. 

The lack mutants unable reduce sulphate sulphite (cys-5), 
mutants unable reduce thiosulphate sulphide (cys-6), and 
the abundance mutants unable reduce sulphite thiosulphate 
surprising. heterocaryon tests indicated that these mutants 
are divisible into seven groups physiological The members 
two these groups are alleles cys-1 and cys-2 respectively. 
Representatives each the five remaining heterocaryon groups 
showed linkage cys-1 cys-2 but has not been shown that 
these groups represent five different loci. the early stages 
methionine synthesis occur simple pathway sulphate reduction 
the presence seven distinct biochemical steps between sulphite and 
thiosulphate, each controlled separate gene, appears excessive. 
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SUMMARY 


Mutant strains Neurospora crassa requiring methionine its 
precursors, were isolated filtration concentration technique 
following ultraviolet irradiation. These and other strains were 
classified the tests precursor utilisation and heterocaryon com- 
plementation into seven groups cysteine and eight groups 
methionine mutant strains. 

The methionine strains represent genes eight different loci; 
these three had been located previously and four the remainder 
were assigned definite regions the linkage maps. evidence 
for tight clustering either the methionine cysteine genes was 
obtained. 

Inter-allelic complementation was demonstrated for two the 
methionine genes. 


author wishes express her thanks Professor 
Catcheside, for his encouragement and helpful criticism given throughout 
these investigations and Perkins for his interest during the writing 
this paper. Grateful thanks are due both Professor Catcheside and 
Fincham for donations number mutant strains and the Department 
Scientific and Industrial Research for maintenance grant. 
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INTRODUCTION 


the many new methionine mutant strains Neurospora 
crassa which have been isolated (Murray, 1960) the sulphur require- 
ment forty-two satisfied homocysteine methionine, but not 
cystathionine. Heterocaryon tests show that the mutant genes 
these strains are physiologically allelic with and 48004 (me-2) 
and that some pairs them exhibit the phenomenon interallelic 
complementation. 

Methionine-2 located the right arm linkage group IV, 
region well supplied with genetic markers, and interallelic crosses 
proved relatively fertile, appeared that this gene would 
suitable for the investigation the relationship between genetic and 
complementation maps. The data from ordered tetrads (Murray, 
1960) indicated that me-2 8-7 units distal and units 
proximal pan-1. Therefore, tryp-4 and pan-1 were chosen suitable 
markers for the analysis recombination between alleles. 

The discovery recombination between the two physiologically 
allelic mutants and Drosophila (Lewis, 1945), 
and more recently between alleles loci Aspergillus (Pritchard, 
1955), Neurospora (Giles, 1951, 1956; Mitchell, and 
yeasts (Roman, 1956; Leupold, 1957), suggests that the gene may 
interpreted comprising number linearly arranged mutable 
sites which are separable crossing-over. Pritchard (1955) was 
able arrange number adenine alleles Aspergillus linear 
order analysis controlled markers each side the locus. 
general, recombination between the adenine alleles was accom- 
panied recombination the associated markers. Prototroph 
formation was therefore explicable the result single cross-over 
between the defective sites the locus. Such cross-over would 
produce one normal and one doubly mutant chromatid strand, and 
Pritchard was able recover the doubly mutant recombinant. Other 
adenine prototrophs, parental phenotype with respect the marker 
genes, could not interpreted the products single intragenic 
cross-overs, but were, perhaps, comparable origin with the proto- 
trophs from crosses allelic pyridoxine mutants (Mitchell, 
studies ordered tetrads Mitchell showed that 
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prototroph formation was not accompanied the formation 
reciprocal double mutant would expected cross-over had 
taken place. Evidence, therefore, suggests that two processes may 
involved interallelic recombination. The first crossing-over 
(Pritchard, 1955); and the second the non-reciprocal mechanism 
reported Saccharomyces (Lindegren, 1953; Roman, 1956), 
Neurospora crassa (Mitchell, and Schizosaccharomyces 
pombe (Leupold, 1957). The term conversion will used this 
paper for the phenomenon non-reciprocal recombination, but 
not intended imply the mechanism such atypical segregation. 
Case and Giles have shown tetrad analysis that recom- 
bination between two alleles the pan-2 locus can occur, the same 
cross, both conventional crossing-over and conversion. 
seems probable that for different species, even different genes 
the same species, the relative frequencies these two events may 
vary. present random spore analysis interallelic recombina- 
tion, where the analysis controlled closely linked markers 
either side the me-2 locus, the mode distribution the prototrophs 
amongst the four combinations marker genes will influenced 
the relative frequencies interallelic crossing-over and conversion. 
recombination occurs solely crossing-over, the absence 
unexpected additional cross-overs between the me-2 gene and the 
pan-1 tryp-4 markers, the methionine prototrophs should recom- 
binant with respect the marker genes. the cross 
pan excess methionine prototrophs the recombinant 
genotype pan would indicate the order pan, 
and conversely excess the recombinant genotype pant 
would indicate the order pan, where and 
designate the actual sites change the me-2 gene. Should proto- 
troph formation result solely from conversion, the majority the 
prototrophs would expected non-recombinant with respect 
the marker genes, unless conversion favoured crossing-over 
the regions adjacent the me-2 gene. Most evidence (Mitchell, 
19554, Lawrence, 1956; Freese, 1957) indicates that there 
strong positive correlation between gene conversion and crossing- 
over the adjacent regions and this can result approximately 
equal distribution the prototrophs amongst the four types marker 
combinations. both mechanisms operate one cross excess 
methionine prototrophs, carrying one the recombinant marker 
combinations, should detectable (Case and Giles, providing 
that conversion not sufficiently frequent obscure the results 
interallelic crossing-over. 


MATERIALS AND METHODS 


the strains used, and 48004 were descendants those isolated 
Stanford prior 1945 (see Barratt al., 1954). K5, K18 and were isolated 
from the prototrophic stock Y8743 (Catcheside, 1954) and the remainder from 
Emerson The stocks used were heterocaryon compatible with arginine 
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mutant, K132 (arg-5). Strains with isolation number prefixed the letter 
were isolated Catcheside and those with the prefix the author. 

The media were previously described (Murray, 1960) except that plating 
experiments the sorbose concentration was increased per cent. 

Evidence complementation was sought all the 946 possible pairs com- 
binations method which involved the inoculation minimal sorbose medium 
with aqueous suspension conidia (Ahmad and Catcheside, 1960). The second 
component was superimposed after the water the first one had become absorbed 
into the medium. The base each Petri plate was marked out grid half- 
inch squares arranged five rows five that pairwise combinations 
mutants could tested each plate. Formation prototrophic heterocaryotic 
growth was easily detected from one four days after inoculation. The tests were 
performed least three times and were consistently reproducible. Positive results 
were retested singly, together with control tests the two components. 

The vigour the interallelic heterocaryons was assayed the dry weight 
mycelial pads formed after four days’ growth liquid minimal medium 25° 
The flasks were not shaken continuously but were swirled three times day keep 
the mycelium submerged and prevent conidiation. 

Each sample me-2 alleles, chosen represent the different physiological 
classes, was crossed stock, genotype (Y2198), pan-1 (5531) and fertile 
cultures the required genotypes were extracted. Crosses were then made the 
type pant pan where and are different alleles. 
Self-crosses, similarly marked, were made controls. 

The crosses were made two-inch deep Petri dishes containing appropriately 
supplemented Westergaard’s medium which corrugated filter paper was embedded. 
The dishes were partially sealed sellotape and incubated for approximately 
two weeks. this stage spore shedding usually began and each Petri dish lid was 
replaced clean one, re-sealed, and the dishes incubated for further two weeks 
inverted position. this way large numbers ascospores, almost free 
mycelial contamination, were deposited the Petri dish lid. The spores were 
washed off the lid per cent. agar and diluted give approximately 20,000 
viable spores per ml. 

layer plating technique similar that described Newmeyer (1954) was 
used screen the spores. lower layer approximately ml. medium, 
composed Vogel’s basic salts mixture, per cent. sorbose, 0-1 per cent. sucrose, 
and supplemented with tryptophan (50 and pantothenic acid (10 mg./l), 
was poured into Petri plates. ml. samples heat-treated ascospore suspension 
were transferred tubes containing ml. molten per cent. agar medium 
and the contents each tube were evenly distributed the upper layer plate. 
The plates were inspected after and hours incubation 25°C. and 
methionine-independent colonies isolated. Crosses involving combinations 
alleles between which heterocaryon complementation had been detected yielded 
pseudowild types. However, these were usually not detectable until after three 
days incubation. Only for crosses between and were pseudowild types 
detectable after hours’ incubation and all isolates from these crosses were tested 
determine whether they were true pseudowild type with respect the methio- 
nine gene. 

Estimates the numbers viable ascospores were obtained from colony counts 
plates supplemented with methionine, tryptophan and pantothenic acid, and 
with upper layer containing ml. spore suspension diluted one-tenth 
the previous concentration. 

RESULTS 
(i) Heterocaryon complementation 
The formation observable growth within four days 


inoculation was taken evidence complementation and this 
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criterion the mutants were divided into six groups (A-F). Fig. 
represents the results two-dimensional pattern reaction and 
fig. one-dimensional interpretation which each mutant 
exerts range influence. These ranges defective action are 
drawn that overlapping ones occur where the heterocaryons not 
grow minimal medium and non-overlapping ranges where com- 
plementation results growth the heterocaryon. The particular 
complementation map shown one six possible sequences. Only 


Locus me-2 Number 
each class 
BCODE 


complementation 


Complementation 


Fic. 1.—Complementation matrix (a) and map methionine-2 mutants Neurospora: 
crassa.. The numbers mutants distinguished each class shown the map. 


the presence group whose range overlaps those group and 
enables the latter two groups assigned adjacent sites. 
The majority the alleles are group members, which show 
complementation with any other alleles. 

Woodward, Partridge and Giles (1958) found that the greater the 
distance between two ranges action, represented the com- 
plementation map, the more vigorous was the heterocaryotic growth. 
More recently Woodward (1959) has confirmed this indication 
enzyme assays the vitro complementation the ad-4 locus. 
Enzyme assays the me-2 interallelic heterocaryons have not been 
made, and the extent complementation can only assessed from 
growth assays and from the time taken for interallelic heterocaryons 
give visible growth. Both these estimates are charted table 
and the alleles are arranged such that those giving the most vigorous 


Tim 
P81 
Tim 
K44 
Tim 
Tim 
| 
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prototrophic growth are the most widely separated. Woodward’s 
findings were general rule then the order predicted would 
group (P169), (P81), (K44), The heterocaryons 
C+D and are weakly prototrophic but the hetero- 
caryon makes good growth the absence methionine. 


(ii) Interallelic recombination 


Strains K5, (group A); (B); P81 (C); (D); 
P174 (E) and K23 (F) were used recombination studies. 


TABLE 


Assays the extent interallelic complementation between 
methionine-2 alleles 


P81 
K44 


Time days taken for interallelic heterocaryons become visible. 
Dry weight assays expressed percentage wild type weight. 
Growth not weighable four days after inoculation. 


(a) Self-crosses (table 2). The number spores screened was 
restricted the poor viability spores from some the self-crosses. 
Only one prototroph was observed all the crosses and this not 
contaminant for carried the pan-1 marker; not known whether 
the prototrophy was due change the me-2 locus mutation 
suppressor locus. Although would desirable increase 
the number spores screened the results indicate that the prototroph 
formation interallelic crosses not usually the result reversion. 
(b) Intragroup crosses (table prototrophs were 
isolated from the group crosses and from cross between group 
mutants. These results confirm that group mutants are not deletions 
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No. prototrophs 


high conversion rate. 
Prototrophs classified into four classes according the combination marker genes 


they carry. 


and have low conversion rates and 
; 


212 
TABLE 
Self-crosses 
No. 
Mutant 
strains 
viable spores prototrophs 
91,600 
89,000 
P169 32,500 
K44 
73,800 
124,800 
P174 50,600 
K23 48,300 
TABLE 
Analysis prototrophs from intra- and inter-group crosses 
me-2 prototrophs 
Comple- 
Cross mentation viable 
cent. 


the four classes 


Recombinant 


pan 
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the me-2 gene and that group mutants are not deletions 
subunit. 

(c) Intergroup crosses (table 3). (1) crossing-over. 
The methionine prototrophs are classified either parental, 
recombinant, with respect the marker genes. The significant excess 
methionine prototrophs one the recombinant classes, and 
reciprocal relationship reciprocal crosses, evidence for linear 
order alleles (Case and Giles, Wherever sufficient numbers 
prototrophs were isolated, with the exception the cross 
pan tryp, the deviation the recombinant classes from 
ratio was always significant the probability level. the 
exceptional cross the excess one the recombinant classes was 
almost significant the 0-05 probability level whilst the reciprocal 
cross the.alternative recombinant class was significantly excess 
the probability level. From these data was concluded that 
there linear order the alleles and the sequence these with 
respect and pan-1 was inferred. The order derived 
K44 (group D), K23 (F), and (E), (B), P81 (C), 
pan-1. This agreement with one the possible arrangements 
based heterocaryon complementation which requires groups 
and adjacent, but differs from the one expected the 
most vigorous heterocaryons are between the most widely separated 
alleles. 

(2) Conversion. Non-reciprocal recombination may account for 
approximately per cent., more, the methionine prototrophs 
isolated. notable feature the marked asymmetry the distribu- 
tion the prototrophs between the two parentally marked classes. 
reciprocal crosses the excess was the alternate parental class, 
indicating that the effect characteristic the me-2 alleles rather 
than the markers associated factors. Recombination con- 
version apparently occurred more frequently some sites than others. 

alleles and have low conversion rates and allele 
high conversion rate then the crosses tryp 
tion the non-recombinant prototrophs would expected, with 
the excess contributing the parental class carrying the pan marker. 
Recombination conversion would expected less frequently for 
the cross pant pan, and the asymmetry the 
two parental classes, present, would less distinct. Taking 
mutants K23, K44 and me-2? and respectively, 
mutant exhibited the predicted high conversion rate both 
crosses. Sufficient numbers spores have not been screened from the 
cross provide significant information. Amongst the 
few prototrophs isolated from the latter cross there were represent- 
atives the parental classes. 

(3) Map construction. The genetic map the me-2 gene, 
fig. was constructed’ using the data listed table Where data 
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were from reciprocal crosses involving two alleles, the frequency 
prototroph formation was calculated the weighted mean. 
drawing comparable complementation map the segments the 
locus are chosen arbitrarily being mid-way between neighbouring 
representatives adjacent segments. 


DISCUSSION 


The formation prototrophs interallelic crosses consistent 
with the interpretation that the alleles represent point mutations 
different sites within the locus. Consideration the markers carried 
the methionine prototrophs indicates that recombination occurs 
interallelic crossing-over and conversion. excess methionine 
prototrophs one the classes with the excess the 


Genetic map locus me-2 


' E 


Fic. 2.—Genetic map methionine-2, showing the order and spacing the sites mutation 
expressed prototroph frequencies per ten thousand. The limits the complementation 
are drawn arbitrarily midway between neighbouring mutants belonging 
different groups. 


alternative cross-over class, when the cross reciprocally marked, 
evidence for linear order alleles. This property has been 
utilised the determination the sequence the alleles studied. 
small the me-2 alleles has been located genetic map 
and the intersite intervals, expressed prototroph frequencies, are 
additive. Suyama, Munkres and Woodward (1959) detailed 
investigation the locus Neurospora demonstrated linear 
additivity prototroph frequencies although conversion rather 
than crossing-over was probably the major source prototrophs. 
This indicates that the probability conversion function 
the distance between the two mutant sites involved. the present 
study the evidence suggests that some alleles have high conversion 
rates and other alleles have low conversion rates. Therefore, precise 
additivity total prototroph frequencies might not have been expected. 
However, the precise additivity obtained might fortuitous, for the 
major distances the map fig. are based prototroph frequencies 
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from crosses involving one allele with high conversion rate and 

one allele with low conversion rate. 

the prototroph frequencies are estimate the linear distance 
between mutant sites, the subunits the gene must vary length, 
for segment must small comparison with segment 
The interpretation that the genetic length the segment reflects the 
number mutable sites consistent with the finding that the 

twelve complementing alleles only two were located groups 
and while ten were groups and the overlapping group 

This unequal distribution alleles has been observed the 

locus (Catcheside, 1960), the arg-1 locus (Catcheside and Overton, 

1958) and the ad-4 locus (Woodward al., 1958). Differences 

mutation rates, the number mutable sites, combination 

these two factors could responsible for these distributions. 

The occurrence high prototroph frequencies the crosses 
between two non-complementing (group alleles indicates that 
these are neither deletions, nor point mutations confined short 
region the locus. Case and Giles reported that the non- 

complementing alleles are scattered throughout the length the 

locus and some may even the same sites complementing 

alleles. would desirable map some the non-complementing 

me-2 alleles with respect alleles the complementation groups. 
The data are full agreement with direct correlation between 
genetic and complementation maps, suggesting that the four physio- 
logical subunits the me-2 gene can translated into linear segments 
the genetic map. probable, that mutation site segment 
the me-2 locus, produces mutant which according com- 
plementation data may group group group whose 
range action overlaps that mutants group and one more 
adjacent groups. For example, mutant K23 (group F), whose range 
action overlaps segments and located segment These 
findings may taken evidence that both the precise location 
mutation and the nature the mutational change determine the 

nature the alteration the gene product. 

The correlation between map distance and degree restoration 
enzyme activity, which has been demonstrated the ad-4 locus 
(Woodward al., 1958), has been interpreted evidence for 

explanation complementation involving recombination the gene 

product level. The striking lack correlation the me-2 locus 

consistent with the recent enzyme studies Fincham (1959) which 

exclude recombination the gene product level give some normal 
product, template, capable catalysing the synthesis enzyme 
not qualitatively different from that wild type. 

Some alleles locus me-2 give rise prototrophs conversion, 

more frequently than others. This observation favours non- 

reciprocal recombination mechanism other than one involving 

Stadler (1959) reports that cross between two 
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cys mutants Neurospora, one the mutants consistently gives rise 
cysteine prototrophs conversion more frequently than does 
other. further states that inequalities amongst the recombinant 
classes would expected the absence interallelic crossing-over if: 


(a) gene conversion and crossing-over are two separate events; 

one allele converted more frequently than the other; 

(c) the amount crossing-over the adjacent marked region 
the left the locus different from that the right. 


Stadler found this explanation untenable for his data. 

When the conditions listed are applied the me-2 alleles the 
most frequent class methionine prototroph, which recombinant 
with respect the marker genes, would that produced the 
more frequent conversion accompanied the more frequent cross- 
over. For example, the cross K44 P81 pan, 
K44 has low conversion rate and P81 high conversion rate, 
would more crossing-over the longer marked region the 
left the me-2 alleles than there would the shorter 
region the right. The more frequent recombinant methionine 
prototrophs should carry the marker from the parent and 
the pan marker from the P81 parent. However, this was found 
the less frequent recombinant class. The same discrepancy has 
been observed for all the crosses made between alleles apparently 
very different conversion rates. 
the present discussion has been assumed that recombination 
between me-2 alleles resembles that found between pan-2 alleles (Case 
and Giles, 1958a, and hence that there are two mechanisms 
recombination, one which interallelic crossing-over. Con- 
firmation should obtained tetrad analysis that least some 
the excess recombinant class arise inter-allelic crossing-over, 

but this impractical view the low frequencies recombination. 


SUMMARY 


Amongst methionine-2 strains Neurospora crassa, twelve 
been demonstrated capable interallelic complementation. 
Genetic and complementation maps have been constructed. The 
use marker genes either side the me-2 locus has facilitated 
demonstration interallelic crossing-over and conversion. These 
studies also indicate linear arrangement mutable sites within 
the gene, with additive prototroph frequencies, yield map which 
can correlated with complementation map. Growth 
suggest that there correlation between the degree complement- 
ation and the distance between two mutant sites. Evidence provided 
that some alleles have higher conversion rates than others. 


for helpful discussion and criticism given during these investigations and 
Perkins for his encouragement and hospitality during the writing this paper. 
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INTRODUCTION 


genus Lolium consists many morphologically distinct forms 
which, while their relationships have not been clearly elucidated, are 
generally regarded distinct species. Despite this, italicum was 
first regarded the variety multiflorum perenne (Jenkin, 1931) 
before being raised specific rank Braun. Jenkin 
while still maintaining that point have results been 
obtained which are essentially different from those obtainable 
intra-specific one year later also accepts italicum 
species. This reversal opinion depended upon the fact that 
perenne and gave differing results regard seed-set 
and germination when crossed with loliaceum. 

Clearly this situation far from satisfactory and for this reason 
intensive comparison the two types and their and hybrids 
has been carried out using both nuclear and external morphological 
characters. 


MATERIAL AND METHOD 


Plants from separate Lolium perenne (P,) and italicum populations were 
allowed open pollinate isolation 1955 give seed which was sown 1957 
and 1958 parental control populations (text-fig.). Reciprocal crosses were 
made 1955 and 1956 taking females random from both and P,. Some 
the seed obtained from the 1955 crosses was sown 1956 and allowed open 
pollinate give the which was grown 1957. These same plants (plate 
were kept tillers and the reciprocal crosses isolated from one another 1957. 
Seed collected from them was then grown two separate populations 1958. 
The remainder the hybrids made 1955 and 1956 constituted the 1957 

The characters chosen for scoring may divided into two groups 


(a) Nuclear characters. heads were fixed and examined cytologically 
means aceto-carmine squashes respect 


(i) Chiasma frequency—this was scored pollen mother cells meiosis 
each plant. The following metrics were derived 

(1) Chiasma frequency—expressed the average number per bivalent 
for the cells scored. 

(2) Cell variance—the variation, average chiasma frequency per 
bivalent, between the cells scored each plant. 

(3) Bivalent variance—the variation chiasma frequency between the 
bivalents within the cells scored. 


(ii) Structural and meiotic abnormalities—where possible 100 and cells 
each plant were scored for the frequency abnormal cells. 
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(b) External morphological characters. Fully mature plants the field were scored 
for the following characters 


(i) Height—the height the tallest tiller inches. 
number—the total number flowering tillers per plant. 


Parental plants Parental plants 


L.perenne (F) L.italicum 


v 
a 
w 
° 
Vv 


kept seed 
kept seed 
open- 
pollinate 
kept 


chart. 


(iii) Spikelet number—the number spikelets borne each the tallest two tillers 
were counted that two metrics could obtained 
(1) Mean spikelet number—i.e. the average number spikelets the 
two 
(2) Spikelet difference—i.e. the difference numbers the spikelets 
borne the two tillers. 


1956 
1957 
1958 
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(iv) Flower number—the number flowers contained the fourth lowest 
spikelet the tillers scored (iii) above. Again two metrics were 
derived 

(1) Mean flower number—the average number flowers counted the 
two spikelets. 

(2) Flower difference—the difference numbers flowers between the 
two 

Variation all these characters continuous and presumably under polygenic 

control (Mather, 1941). 


OBSERVATIONS 


(1) The comparison between parental control populations 
and hybrids 


The presence differently balanced polygenic systems may 
demonstrated crossing them results the production types with 


TABLE 


Plant chiasma frequencies, cell variances and bivalent variances the 
parental populations, their hybrids and hybrid derivatives 


Chiasma frequency 
No. Cell Bivalent 
plants variance variance 
Mean Variance 
1957 
1958 


disturbed balance. Such disturbance shows itself the either 
heterosis, difference between the mean the and that 
the parents (Mather, 1943), increase the range pheno- 
types, which will reflected increased variance the over 
the parents. Observations were therefore directed determine 
whether such changes occur. 


(a) Nuclear characters 


(i) Chiasma frequency. The means and variances for the parental 
populations and their hybrids are set out table analysis 
variance the mean chiasma frequency shows significant 
difference between the two years for either the parental populations. 
The results were therefore pooled over years before making com- 
parisons between the parental populations and Analysis the 
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pooled data shows that the mean chiasma frequency the parental 
populations significantly less than that the parental populations 
(table The mean the significantly less than that the 


TABLE 
Analysis variance chiasma frequency the parental populations 
and their 


parental populations with the higher mean (P,) but does not differ 
significantly from that (table 2). 

The variances the distribution chiasma frequency appear 
related the size the mean (see table significant negative 


TABLE 


Frequency cells showing structural and meiotic abnormalities the 
parental control populations, their hybrids and hybrid derivatives 


chromosomes 

fragments 


indicating that the size the variance negatively correlated with 
the mean. The residual item the analysis not significant therefore 
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Item 


1958 
p.c.p. 
1957 1958 
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further information can obtained from consideration 
variances. 

The results the variation between pollen mother cells 
individual and between bivalents within these cells are summarised 
table columns and Analyses variance for both metrics 
show that the hybrids not differ significantly from the two 
parental populations. This implies that the environmental component 
chiasma variation comparable all three cases. 


TABLE 


Means and variances the external morphological characters scored the 
parental control populations, their hybrids and hybrid derivatives 


Spikelets Flowers 
plants 
| | | | 
| | | | 
| | | | | | 
| | | (28) | | (28) 


Numbers brackets represent number plants scored where this differs from the 
number given column two mean, variance. 


(ii) Structural and meiotic abnormalities. The frequency cells 
showing various abnormalities the parental populations and their 
hybrids can seen table Apart from the asynaptics, the number 
abnormal cells very small both the parental populations and 
and not significantly different when tested contingency 
using Yates’ correction. 


(b) External morphological characters 


The means and variances these characters for the parental 
populations and their hybrids are set out table all cases 
differences between means were tested using analysis variance, 
and variances were compared means the variance ratio test. 

(i) Height. This was not scored the 

(ii) number—The show highly significant increase 
tiller number over the parental populations 1957 (P<o-oo1). That 
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is, the F,s show heterosis for tiller number. Differences between the 
parental populations are negligible. 

number. ‘The two parental populations 1957 
not differ significantly their means and the 
have significantly lower mean than parental population 
The therefore show negative heterosis. 

respect the mean difference between the two spikelets scored 
each plant the two parental populations again not differ 
significantly from one another 1957. The have significantly 


lower mean than that the parental populations 
(iv) Flower number. 1957 there are significant differences 
between the two parental populations respect the mean number 
flowers which they bear The have mean 
flower number similar that the parental population. 
significant positive regression was found when the logarithms 
the variances for flower number were plotted against the mean 
item not significant. Thus the variance solely dependent 
the mean and the greater the number flowers per spikelet the larger 
the variation between them. 
respect the variation within plants there are significant 
differences between the two types between them and their hybrids. 
(2) The comparison between parental control populations and 
their hybrid derivatives 
disturbance balance may arise from the production 
unbalanced gametes result recombination and segregation 
the genes gametogenesis (Darlington and Mather, 
This will revealed the the production plants which 
deviate from the mean value the parental 
natively, the case heterosis occurring the will revealed 
deviation from the expected mean the which should lie 
half-way between that the and the mid-parent value the 
basis additivity and dominance scaling test: Mather, 1949). 
Should types occur which lie outside the parental range then, even 
though the mean the does not differ from that the parents, 
differences parental balance will reflected increased 
variance. 
(a) Nuclear characters 
(i) Chiasma frequency. The means and variances the three 
and their respective parental populations are given table columns 
and Comparisons the means the three F,s and the parental 
populations show that: 
(1) The 1957 does not differ significantly from the parental 
populations but does differ significantly from the parental 
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(2) The 1958 does not differ significantly from the 
parental populations but differs significantly from the 


(3) The differs significantly from both the 
and parental populations and P<o-oo1 
respectively). 


The low chiasma frequency the 1958 the result 
significant increase the frequency asynaptic cells this popula- 
tion when compared with the parental populations grown that 
year table 3). This increase reflected two ways: 


(1) increase the number cells carrying one pair 


(2) The presence cells carrying more than one pair univalents 
(plate II, fig. 4). 


The frequency cells showing asynapsis the 1958 
also significantly higher than the parental populations grown 
the same year this case the same pattern asynapsis 
evident that described for the 1958 although here 
less extreme (table 5). The frequency asynaptic cells the 
1957 not significantly different from that its parents, and 
cell was seen with more than two pairs univalents. 

The mean variation chiasma frequency between the pollen 
mother cells parental plant and the does not differ significantly 
either year. The variation between bivalents within cell is, 
however, significantly greater the 1958 than the 
parental populations although the other two 
populations are not significantly more variable than the parents. 

(ii) Structural and meiotic abnormalities. The frequency cells 
showing structural and meiotic abnormalities given table 
The parental populations and were tested for differences means 
contingency with Yates’ correction. Apart from the case 
asynapsis, which has already been considered, was found that 
neither the differ significantly from the parental populations. 

that showed breakdown the meiotic cycle. The cycle proceeded 
normally until meiosis (plate II, fig. 5). Then, instead being 
followed normal second division, breakdown the spindle 
was followed the immediate formation another single spindle 
right angles the original one. The half bivalents resulting from 
the stage division therefore all arranged themselves the 
equator this second spindle (plate II, fig. 6), whereupon they 
divided mitotically (plate II, figs. and 8). Preparations were made 
from several flowers the tiller and the result was the same every 
case. 
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(b) External morphological characters 


The means and variances for these characters are given table 
section (1) the means were compared analyses variance 
and the variances variance ratios unless stated otherwise. 

(i) Height. The two parental populations not differ significantly 
from one another their mean height. The height the (P, 
differs significantly from these two parental populations 

(ii) number. The F,s show positive heterosis for this character 
and neither the F,s deviate significantly from this. 


TABLE 


Frequency cells with pairs univalents. all cases 
cells per plant were analysed 


No. cells having pairs univalents 


(iii) Spikelet number. Since the show negative heterosis 
respect this character then, from the 1957 data, the expected 
mean the F,s Using tests was found that the 
1957 does not deviate significantly from this value 
The 1958 also does not deviate significantly from the 


respect the variation spikelet number within plants 
was again necessary determine the expected mean value the 
only the 1958 differs significantly from this 3-06 

(iv) Flower number. The means the both years fall between 
those the parental populations. 1957 this difference not 
significant whereas 1958 both differ significantly dif 


1957 
1958 
= 
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from both parental populations. The variances are dependent only 
the means and provide additional information. 

The variation the number flowers per spikelet within each 
plant does not differ significantly between any the F,s and the 
parental populations either year. 


DISCUSSION 
(1) The relationship between Lolium perenne and italicum 


The results the crosses described the previous section are 
summarised table 


TABLE 


Occurrence disturbed (solid block) and undisturbed (plain block) balance the F,s and 
crosses between Lolium perenne and italicum. 


Chiasma frequency 
Bivalent variance 
meioti 

abnormalities 


difference 


From the chromosomal point view the two species appear 
structurally alike. none the hybrid plants scored are there any 
signs heteromorphic bivalents other indications structural 
differences. The mean chiasma frequency the hybrids 
high that the parental population. Thus there evidence 
reduction effective pairing the first generation when the two 
parental populations are crossed. There also increase either 
the frequency cells showing unpaired chromosomes the 
frequency meiotic irregularities. 

Similarly when considering flower number there evidence 
that the hybrids are less well balanced than the two parental 
populations. Even though the two parental populations have become 
differently adapted some respects, for example they differ mean 


mean 
difference 
mean 
Flowers 
| 
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chiasma frequency and flower number, nevertheless they are able 
interbreed without causing any major upsets the regard 
these characters. 

This not true all the characters however. respect tiller 
number and mean spikelet number the have mean 
which differs from that the two parental populations. While the 
characters scored are subject environmental influences con- 
sidered unlikely, under the conditions which the plants were grown 
any one year, that these would produce such major effect. 

From table appears that the populations differ the extent 
which disturbance balance occurs. 1957 the shows 
sign disturbance for any the characters scored, while 1958 
the (P, P,) has many characters disturbed. 

The drastic effects sometimes produced crossing the two parental 
populations are revealed most clearly the case chiasma frequency. 
The 1958 population has extremely low mean chiasma 
frequency (see table with consequently high variation between 
plants. Some the types which have arisen segregation have 
therefore not been able achieve the maximum number chiasmata 
possible. there will increase the variation between 
plants and consequently lower mean chiasma frequency. Although 
the mean chiasma frequency the 1958 significantly 
lower than that both parental populations there still 
more than one chiasma per bivalent that this itself need 
necessarily lead univalent formation. The distribution these 
chiasmata, however, not uniform either between within plants, 
some having very low chiasma frequencies with high proportion 
Such plants are likely have produced unbalanced 


pollen grains which would therefore lead reduction their 
fertility. Spontaneous asynapsis uncommon phenomenon, 
although exceptional instances are known, for example Locusia 
migratoria (Rees, 1957) and Schistocerca gregaria (John and Naylor, 
preparation). Presumably the highly asynaptic individuals the 
segregation the 

respect mean spikelet number, mean flower number and 
height, segregation again results some types which show disrupted 
balance. 

consideration the developmental stability the hybrids and 
their derivatives also shows similar results. Any variation between 
structures which are genetically identical must environmentally 
induced and hence will measure the stability homeostasis 
that individual (Mather, 1953; Lerner, 1954). Thus the variation 
chiasma frequency between the cells individual, and between 
bivalents within cell, may both regarded measures 
The same must also true, though lesser extent, the differ- 
ences spikelet number between the two tillers scored each plant, 


im 
4 
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and the differences flower number between the two spikelets. 
the case variation chiasma frequency between cells within 
plant, and the case flower number within plants, 
there are significant differences between the parental populations 
and either the hybrids the hybrid derivatives. Since stability 
development reflection the genic balance produced 
selection (Jinks and Mather, 1955) then such results indicate that 
the two parental populations can hybridise without resulting 
disruption balance. respect variation between the bivalents 
cell the 1958 significantly less stable than the 
parental populations. Thus for this character there evidence that 
the two parental populations have become differentiated respect 
the polygenic systems controlling it. 
The differences spikelet number between the two tillers scored 
for each plant show that the hybrids between the two parental 
populations tend more stable than the parental populations 
themselves. assume that the level variation shown the 
parents actively maintained selection pressure then the greater 
stability the hybrids can regarded departure from the 
parental optimum and sign loss adaptation. the other 
hand may comparable the situation described Paxman 
(1956) rustica where variation the lengths stamens 


and pistils flowers, together with the leaf shape index, was associated 
with their position the plant. 

Although the two forms perenne and italicum can interbreed 

without difficulty such intercrossing may lead loss fitness 

the hybrids and hybrid derivatives. The two forms must therefore 

consist independently balanced polygenic systems which for some 

characters, such tiller number, have become differentiated 

result disruption balance when the two forms are crossed. 

For other characters the genic combinations the two forms not 

appear have lost their relational balance and major upsets occur 

the hybrids. Segregation and recombination their parts, 

however, may result unbalanced gametes and consequent decrease 

fitness the plants. 

The ease with which the two forms can interbreed and the complete 

absence differences chromosome organisation indication 

that the two types may not have become separated until fairly recent 

times. Despite the fact that they overlap their geographical distribu- 

tion they can distinguished morphologically. But they cannot 

consistently distinguished genetical terms; therefore, like the 

morphologically distinct races Achillea borealis (Clausen, 

they are not fundamentally distinct species. Indeed, intermediate 

forms have been reported the wild (Armstrong, 1937; Hubbard, 

1954). There breakdown many the characters scored 

certain the hybrids and this must lead occasions the 

production unbalanced gametes. But this not true all the 
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characters. breakdown therefore insufficient establish 
effective internal isolation between the two genotypes. 

The findings breeding analysis these two supposedly distinct 
species justifies general consideration the breeding affinities 
within the genus. 


(2) Species relationships within the genus Lolium 


The only available data relating the general problem specia- 
tion the genus Lolium are the experimental results Jenkin (1931, 

Jenkin himself points out there clear tendency for the 
highest seed-set and germination occur crosses between the 
self-pollinating types and between the cross-pollinating types respec- 
tively. When crosses are made between self-pollinating and cross- 
pollinating types the results obtained depend upon the choice 
parent. When rigidum used either staminate pistillate parent 
the percentage germination invariably very low, even though there 
may appreciable seed-set. similar result follows provided 
the self-pollinating types are used pistillate parents. all cases 
where self-pollinating types are used staminate parents the per- 
centage germination considerably higher, while the seed-set varies. 
apparent therefore that within the genus Lolium the self-pollinating 
and cross-pollinating types form two distinct groups between which 
least partial barriers crossing exist. 

Jenkin (1954, 1955) has used backcrosses and F,s determine 
the fertility the hybrids. His conclusions are summarised 
the following generalisations: 

crosses between the self-pollinating types few data are 
available. the three hybrids examined were however found 
female sterile. The female fertile hybrid was male sterile. 
Hybrids between self-pollinating types are therefore incapable 
maintaining themselves beyond the generation. Such types must 
then reproductively isolated and may justifiably regarded 
distinct species. 

Hybrids between loliaceum and both remotum and 
temulentum develop abnormally although the two latter species when 
intercrossed produce normal offspring. remotum and temulentum 
thus appear more closely related each other than 

(c) All the crosses between members the outbreeding group 
result fully fertile F,s. between the various are also fully 
fertile. Since the different members this group are able interbreed 
freely produce fertile hybrids and hybrid derivatives they cannot 
reproductively isolated. There seems justification therefore 
for considering each these types separate species. seems 


Cross 
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TABLE 
Percentage seed-set and germination crosses involving different Lolium types 
Self-pollinating Cross-pollinating 
| 
Self-pollinating 
seed 
Cross-pollinating 


abnormal development. seed-set. germination. Data after Jenkin, 1931-1955. 


Self-pollinating 
remotum 


temulentum 


loliaceum 


Cross-pollinating 
perenne 


italicum 
| 


rigidum 


TABLE 
Fertility the plants. Data after 1954, 1955 


remotum 


Self-pollinating Cross-pollinating 
temulentum perenne italicum rigidum 
sterile 
sterile Low Low data fertile 
fertility fertility 
Low Low data fertile fertile 
sterile sterile sterile fertile fertile 
sterile Low sterile fertile fertile 
fertility 
sterile sterile sterile fertile fertile 
sterile fertile fertile 
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preferable regard these forms subspecies, particularly since 
they overlap least part the range their geographical 
distribution. 

Finally there the question the relation between the in- and 
outbreeding groups. All the available evidence supports the con- 
tention that evolution inbreeding types invariably evolve from 
outbreeders (Darlington and Mather, 1949). There seems good 
reason doubt the applicability this conclusion the genus 
Lolium (contra Jenkin, Indeed the (Naylor and Rees, 
1958) that temulentum duplication parts chromosomes has 
occurred relative perenne, can used support the secondary 
origin the inbreeding types (Lewis and John, 1959). 


SUMMARY 


Crosses have been made between perenne and italicum, 
and the hybrids and hybrid derivatives compared with the two 
forms respect four nuclear and six external morphological 
characters. 

The show disturbance balance three morphological 
characters only. the the results are variable both within and 
between years, and the amount disturbance may greater than 
less than that observed the 

The disturbances found both hybrid generations are, however, 
insufficient establish effective internal isolation between 
perenne and italicum. From this point view, therefore, they cannot 
regarded distinct species. 

This also borne out re-analysis the data Jenkin 
which permits extension this conclusion the third open- 
pollinating form rigidum too. These three forms are probably 
best regarded subspecies. 

Contrariwise the three self-pollinating types, remotum, 
temulentum and may justifiably regarded distinct 


grateful Rees for suggesting this work and for 
supervision during its progress, and Professor Mather, and 
John for helpful criticism the preparation the manuscript. 
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Plate 
All photomicrographs 1750. 
1.—1958 plant—normal first metaphase. 


2.—1958 plant—normal first metaphase. 


P,) plant—normal first metaphase, II. 
P,) plant showing asynapsis, Cell with only chiasmata. 
P,) plant Normal first anaphase. 


6.—1958 plant Abnormal second meiotic division. Diploid no. 
half bivalents arranged equator. 


plant Abnormal second meiotic division. Half bivalents 
dividing mitotically. 


8.—1958 plant Abnormal second meiotic division. Divided half 
bivalents moving towards the poles. 
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INTRODUCTION 


basic chromosome complement man has been known with 
certainty for only four years (Tjio and Levan, 1956; Ford 
and Hammerton, 1956). During this time rapid advances have 
been made the study the somatic chromosomes sexually 


TABLE 
Summary known cytological details human sexual abnormalities 


Clinical conditions 
Sex 
Description Phenotype 
Jacobs al. (19592) 
Turner (Bonnevie Female Negative Ford al. (19596) 
Ulrich) Court Brown al. 
(1960) 
Female Positive XXX Jacobs al. 
Testicular feminisation Female Negative Jacobs al. (1959¢) 
Pseudo-hermaphrodite Male Positive Hungerford al. 
(1959) 
abnormal humans. all the reported cases the twenty-two 
pairs autosomes appear normal but the disorders can 
with abnormal sex chromosome conditions (table). 


particular interest the suggestion Ford that 
possible mosaicism for the sex chromosomes may occur both 
Turner’s and Klinefelter’s syndromes. the former condition three 
cases presumptive XO/XX mosaics were described and the 
latter, one case presumptive XXY/XX mosaic. 

this paper confirmatory evidence provided for the occurrence 
XXY/XX mosaicism man. 


CASE NOTE 


The patient was 37-year-old male with psychopathic person- 
ality. was under-nourished but had normal skeletal 
Weight kilo, height 175 cm., span 175 cm., sitting height cm., 
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interachromial width cm., interiliac width cm. His skin was 
pale and waxlike and had numerous fine wrinkles his face. 
There was complete absence facial hair and his axillary and pubic 
hair was scanty, and the latter was feminine distribution. 
had normal adult penis and scrotum but his testicles were very small 
and soft. His breasts were not enlarged. urinary output 
17-ketosteroids was mg./24 hours, 17-OH steroids mg./24 hours, 
and gonadotrophins approximately 200 mg. (as national reference 
substance which the normal range for post-menopausal 
women. 


MATERIAL AND METHODS 


The material consisted buccal smears and bone marrow sample removed 
sternal puncture, but biopsy the testicles was refused. 

(i) Buccal smears. ‘These were stained modification the Rapid 
for minutes and then hydrolysed HCl for minutes 60° This was 
followed staining Feulgen Reagent for one hour. Slides were then rinsed 
with two changes per cent. acetic acid and mounted temporarily, with gentle 
heating, 

(ii) Bone marrow. This was treated modification the method Ford 
al. (1958). indebted Ford for details this method which 
involved (i) incubation for hours with the addition after hours per cent. 
Colcemid solution, ml. this solution being added for every ml. marrow 
suspension. (ii) Replacement the supernatant after incubation 8-10 ml. 
per cent. sodium citrate, the culture being maintained this medium for 


OBSERVATIONS 


(i) Sex chromatin. majority cells the buccal epithelium 
were chromatin positive. Out 250 such positive cells per cent. 
had single chromatin particle (plate, fig. but the remainder 
showed two such particles (plate, fig. cf. Danon and Sachs, 1956). 

(ii) Chromosomes. One hundred well-spread and undamaged 
cells were counted and the results were follows: 


Chromosome no. 
Thirty-three these cells were analysed detail according 
the method Ford al. (1958). these thirty-three cells thirteen 
had chromosomes all which were found normal female 
karyotype (plate, fig. 3). The remaining twenty cells had chromo- 
somes and were XXY constitution, the autosomes being standard 
type (plate, fig. 4). 
DISCUSSION 


(1) The occurrence mosaicism 


There are three possible explanations for the results presented 
here: 

(i) The observed variation has arisen through errors technique. 
Ford al. (1958) have summarised the preparative errors which may 
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lead the spurious appearance variation the chromosome 
number. Provided care exercised determining whether any 
possible error this kind involved, was done the present 
case, there reason why such spurious variation should ever 
reported (contra Court Brown al., 1960). 

(ii) The aneuploidy observed may associated with the normal 
processes differentiation the tissue examined. 

This point which Court Brown al. (1960) did not consider 
formulating criteria for the diagnosis chromosomal mosaic, 
though clearly primary importance. 

The abnormal chromosome pattern recovered this case un- 
doubtedly secondary since such consistent variation occurs either 
majority Klinefelter cases normal individuals. bone 
marrow tissue the secondary diploidy which occurs association 
with the typical Klinefelter trisomy not consequence normal 
differentiation. 

(iii) The tissue examined mosaic. 

This last explanation the only one tenable for the results obtained. 
must noted however, that this mosaicism, which occurs the 
bone marrow, may not uniformly distributed throughout the 
individual. This point which hoped clarify further 
study. 

Court Brown al. (1960) suggested that establish mosaicism 
the variation should demonstrable two more separate bone 
marrow preparations from the same individual. While this may 
desirable can barely held necessary all cases. this instance 
the number satisfactory cells obtained was considerably higher 
than normally the case. For example, Court Brown al. (1960) 
counted between and cells the individuals they studied, 
but only six these did the count exceed cells; moreover, 
these counts included cells which were undoubtedly damaged. 
concluded that two more such samples are preferred 
one sample 100 technically satisfactory cells? 


(ii) The mode origin mosaicism 

Sex chromosome mosaicism not unknown lower organisms 
and certain cases such the Iceryine scale insects regular herma- 
phroditism known depend haplo-diplo form mosaicism 
(Hughes Schrader, 1948). 

quite distinct condition exists the classical and irregular 
female sex chromosome mosaics gynandromorphs found Drosophila 
spp. 
This mosaic condition arises irregularities the early cleavage 
divisions potentially female eggs which lead the elimination 
chromosome. Male characteristics then develop 
arising from this deficient cleavage cell (Morgan and Bridges, 1919). 
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This because Drosophila spp. the condition male determining, 
sex depending balance between the relative number X’s and 
autosomes. man the other hand the chromosome strongly 
male determining (Ford al., 

man the origin sex monosomics and trisomics (XXY 
and XXX) must due primary non-disjunction during gameto- 
genesis, resulting the union one normal and one abnormal 
gamete. this followed mitotic non-disjunction, sex chromosome 
mosaics will arise and Ford has fact explained the origin 
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Klinefelter and Turner mosaics this way. 
The stage development man which mitotic non-disjunction 


occurs not known. Evidently Klinefelter mosaics not during 
the early cleavage divisions since this would lead the production 
gynandromorphism. yet there are established instances 
gynandromorphs man, though Hungerford al. (1959) have 
described case which gynandromorphism cannot yet 
confidently ruled out. 
Precisely where non-disjunction has taken place the present 
observation has been confined the bone marrow where 
ideal conditions exist for the identification mosaicism. The occur- 
rence mosaicism this tissue implies that non-disjunction must 
have occurred before the functional marrow tissue was produced. 
Another unanswered question the cause mitotic non-disjunction. 
There are two possible explanations. Firstly, errors the spindle 
mechanism which then lead accompanying errors chromosome 
behaviour; and secondly, errors chromosome behaviour which 
arise from changed mechanical relationships the chromosomes 
spindle. Both possibilities may depend either upon change 
the genotype the inherent mechanical properties the chromo- 
somes themselves. When non-disjunction genotypically controlled 
this control may affect spindle formation directly alternatively may 
produce disturbed chromosome behaviour normal spindle. los 
attention has been paid the relationship between spindle formation 


and the genotype. That the function and behaviour this cell 
organelle can influenced the genotype clear from the work 
Wald (1936) who showed that the recessive gene 


Drosophila simulans is, when homozygous, associated with distortion 
the first female maturation spindle leading non-disjunction. This 

turn leads the production female gynandromorphs and male the 
intersexes (Sturtevant, 1929). yet instance non-disjunction 
resulting from abnormal gene controlled chromosome behaviour 


known. However, chromosome behaviour subject genotypic 
control and abnormal genotype known produce abnormal 
behaviour (Rees, 1960). Bro 
. ro 
the same way when non-disjunction depends upon the inherent Enc 
mechanical properties chromosomes this may because these 


HUMAN CHROMOSOME MOSAIC 239 


structures lead the formation abnormal spindle because 
inter-chromosomal effect otherwise normal spindle. 
clear example known the first possibility but the second well 
established. For example, when supernumerary chromosomes are 
present rye mechanical difficulties the spindle lead non- 
disjunction the extra chromosome (Hakannson, 1959). 

far the present mosaic concerned non-disjunction probably 
best interpreted consequence genetic unbalance. The pheno- 
type Klinefelter’s syndrome must reflect unbalanced genotype 
and this could, particular environmental circumstances, produce 
disturbance the spindle, with consequent mitotic non-disjunction 
and mosaicism. The relationship between unbalance 
disjunction not however necessary one since not all Klinefelters 
have been found mosaics; neither may apply all tissues 
the individual. 

One final point may made concerning the production the 
new cell type which determines mosaicism. both Ford’s case 
and the present one, the pattern mosaicism would seem 
identical, primary condition leading mitotic non-disjunction 
toan XX. Similarly the three cases Turner’s syndrome described 
Ford the pattern was always consistent; condition 
producing secondary condition. Caution should exercised 
generalising from these few cases but there suggestive con- 
sistency the pattern non-disjunction both mosaics. Ford 
has proposed that the Klinefelter mosaic analysed, 
cell arising from XXY lineage must regarded having 
selective advantage since step towards normality. This suggestion 
difficult reconcile with the proportions the two cell types 
recovered, both his own case and the present study. Indeed 
would easier assume that both cell types are represented because 
neither selective disadvantage whereas other non-disjunction 
products may be. Alternatively may well that the preferential 
loss the chromosome can explained least part account 
its smaller size. 


SUMMARY 


case XXY/XX sex chromosome mosaicism described 
bone marrow sample from man diagnosed Klinefelter. 

The origin the secondary condition per cent. 
the cells is, this instance, considered reflection un- 
balanced genotype. This results loss the chromosome 
mitotic non-disjunction. 
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Note added proof 


The table cytological details human sexual abnormalities was complete 
the time submitting this paper the press. 


Fics. 1-2.—Nuclei buccal epithelial cells with one (fig. and two (fig. sex chromatin 
particles. 1500. 


Fics. 3-4.—C-mitotic metaphases bone-marrow cells differing sex chromosome 
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former paper (Rutishauser, 1956) two types fragment chromo- 
somes have been reported for Trillium grandiflorum: standard type (s) 
with submedian centromeres and telocentrics scoring 
s-chromosomes triploid endosperms the crosses and sxO 
their distribution could ascertained. normal the male 
side; the female side more than per cent. all endosperms 
contained fragment chromosomes, which proves that s-chromosomes 
are preferentially included the functioning dyad-cell (preferential 
segregation). 

order get more information concerning the mechanism 
distribution fragment chromosomes, plants with ¢-chromosomes 
have been included new series cross experiments. Roman 
(1947) pointed out, maize, interchange-chromosomes carrying 
terminal centromeres and one-third the proximal part (hetero- 
chromatic) B-chromosome show directed non-disjunction the 
second mitotic division the pollen grain, whereas interchange 
chromosomes carrying the other two-thirds the B-chromosome, but 
provided with the subterminal centromere chromosome segregate 
normally. Roman concluded that the position the centromere 
might responsible for this unorthodox chromosome distribution. 
has been the the new series cross experiments mentioned 
above find out Roman’s hypothesis also valid for the (euchro- 
matic) fragment chromosomes Trillium grandiflorum, whose deviating 
takes place the first meiotic division, preferential 
segregation due other properties the chromosomes. 


PREFERENTIAL SEGREGATION 


Crosses the type and ¢xO have been carried out 
described earlier for standard fragment chromosomes (Rutishauser, 
1956), and have again been scored the endosperms. 
The results obtained correspond exactly those reported for 
s-chromosomes (table 1). Whereas show 
normal distribution, O-crosses 86-8 per cent. all endosperms 
revealed two (due fusion two polar nuclei, endo- 
sperms with one telocentric Crosses carried out 
with parent plants both containing confirm these 
results. endosperms provided with two three 
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t-chromosomes, respectively, correspond the 
Their frequency per cent., almost the same 
that Similar results have been 
obtained corresponding crossing experiments with plants containing 
(table 1). 

Trillium grandiflorum, far segregation fragment chromo- 
somes concerned, differences exist between standard fragments 


TABLE 
Oxf 
Species Chromaticity| Scored No. f-chrom. Per cent, 
male 
gametes 
Species No. Per cent. No. Per cent. Author 
female female 
gametes gametes 
Plantago serraria 183 1959 
1956 
Trillium grandiflorum 


telocentric. 


and telocentrics. 


heterochromatic. 


euchromatic. 


Obviously, the position the centromere has 


influence the distribution B-chromosomes the course the 


first meiotic division. 


The same conclusion may drawn from the 


results crossing experiments with Plantago serraria 1959) 
whose B-chromosomes are the standard type and from crosses 
with specimens Lilium callosum (Kayano, 1956) containing telocentric 
B-chromosomes (table 1). 

Therefore, Roman’s hypothesis not applicable B-chromosomes 
revealing preferential segregation. Nor are heterochromatic blocks 
likely responsible for this mechanism numerical increase 
Roman (1950) and Longley (1956) suggested the case maize. 
Both standard and telocentric fragments Trillium grandiflorum are 
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entirely euchromatic. For this reason seems probable that fragment 
chromosomes Trillium are deviating from ordinary chromosomes 
the properties their centromeres. 


STABILITY TELOCENTRIC FRAGMENT CHROMOSOMES 


Structural changes centromeres may expressed one 
the following ways (Marks, 1957): failure congression, non- 
disjunction, misdivision, production isochromosomes. Trillium 
grandiflorum investigations meiotic divisions have been carried 
out. Our statements stability fragment chromosomes have 
been inferred from observations the endosperms. They show that 
standard fragments are highly stable; only three out 205 endo- 
sperms the cross revealed numbers fragment chromosomes 
all occurred. 

The same true for signs non-disjunction 
and production isochromosomes could detected. Apart from 
failure congression, which presumably one the causes for 
preferential segregation, telocentric fragments seem quite normal 
and stable (plate, figs. and 2). However, telocentrics are more 
often subjected structural changes chromosome arms than 
Whereas 418 endosperms carrying s-fragments not the 
slightest structural change the fragments occurred, remarkable 
alterations chromosome-form and -size have been found two 
endosperms out 109 carrying one instance 
break could observed one the two teleocentrics present, 
followed reunion the acentric fragment with the centromere. 
new standard chromosome was built up, which, however, was 
not identical with the ordinary s-fragment. 

second endosperm, metaphases and anaphases which could 
analysed contained one normal fragment chromosome and one 
telocentric varying size. Its variability extended from chromo- 
somes measuring half the length normal telocentrics (plate, fig. 
those consisting bare centromeres (plate, fig. 3). Bridges detected 
anaphases indicate that some kind 
cycle leads this change telocentrics (plate, figs. 6). 

The two instances disintegration telocentrics prove that 
t-chromosomes are less stable than s-chromosomes. This finding 


Plate 
Microphotographs chilled endosperm metaphases and anaphases. 
Fic. 1.—Metaphase with one telocentric. goo. 
Fic. 2.—Metaphase with two telocentrics. 


Fics. 3-4.—Metaphases with one normal and one diminishing 


Fics. 5-6.—Anaphases. Separation normal and diminishing telocentrics. goo. 


4 


RUTISHAUSER 


consistent with Darlington’s and Shaw’s observation that three types 
occur Trillium, whereas most the species 
investigated only one type s-chromosome has been found (Darlington 
and Shaw, 1959). Since both cases fragment disintegrations 
occurred daughter plants O-crosses, and since only one telo- 
centric has been affected, the initiation structural changes has 
presumably taken place the course embryosac- endosperm- 
development. 
DISCUSSION 

According Roman (1947), special type division required 
for maintaining numerical increase B-chromosomes. grasses 
the first the second mitotic division the pollen grain, Trillium, 
Lilium and Plantago the first meiotic division. 


now, preferential segregation has only been reported for 
EMCs. As’ Kayano (1957) pointed out, due failure con- 


gression univalent B-chromosomes Metaphase most EMCs 
B-chromosomes are not included the equatorial region but are lying 
preferentially the micropylar side. Kayano concluded that 
ential segregation has intimate bearing the developmental 
polarity gradient (Kayano, 1957, 737). Presumably, 
this mechanism similar that found pollen grain mitosis and 
consists asymmetry the spindle the first meiotic division. 
Such asymmetric spindles, least asymmetric position 
the spindles EMCs, have indeed been found variety 
(Schnarf, 1929). They seem common plants with embryo- 
sac-development the Allium-type, and the case Trillium 
the existence asymmetric spindles may inferred 
from the fact that the non-functioning micropylar dyad-cell smaller 
than the chalazal dyad-cell (Ernst, 1902). 

PMCs preferential segregation does not take place, nor could 
possibly detected, even asymmetric spindles the first meiotic 
divisions occurred them, for, rule, all four microspores are 
functional. Therefore, preferential segregation always intimately 
connected with megaspore formation and depends properties 
characteristic the production female gametes. likely that 
special mechanism had built for creating and maintaining 
preferential segregation B-chromosomes, presumably also the 
case with the mechanism found grasses which leads directed 
non-disjunction B-chromosomes. both cases B-chromosomes 
make use mechanisms already existing, mechanisms which are 
present plants devoid B-chromosomes. 
this true, deviating segregation fragment chromosomes 
depends entirely special properties B-chromosomes which are 
usually not present ordinary chromosomes. rye, directed non- 
disjunction with the presence aconspicuous knob near the 
end the long arm the standard accessory (Miintzing, 1958, 460). sci 
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Trillium grandiflorum such knob not likely occur. Fragments 
various types and size show exactly the same type segregation. 
Since fragment chromosomes Trillium grandiflorum are entirely 
euchromatic, heterochromatin may also excluded 
cause for preferential segregation. Nor this type chromosome 
distribution due the position the centromere. Therefore, one 
might suggest that this species the structure the centromere 
which has been subjected alterations that prevent normal congression 
B-chromosomes the course the first meiotic division. 

But even this seems not likely, considering the fact that 
neither submedian nor terminal centromeres show any sign weakness. 
are, therefore, inclined impute the unorthodox distribution 
B-chromosomes merely their univalent condition. The following 
facts are favour this hypothesis: 


(1) Preferential segregation was shown for ordinary univalent 
A-chromosomes Rosa canina (Tackholm, 1922). 


(2) Univalent X-chromosomes tubulosa revealed 
preferential segregation temperature experiments (Seiler, 1920). 


(3) B-chromosomes Plantago serraria, whose 
bivalent formation suppressed, segregate preferentially 
1959). the other hand, 2B-plants Lilium callosum combine 
bivalent-formation with normal distribution B-chromosomes, 
although certain amount preferential segregation occurs (Kayano, 
1956). 


Obviously, preferential segregation least partially bound 
univalent condition B-chromosomes. Lack pairing B-chromo- 
somes may, therefore, one the causes for this deviating type 
chromosome distribution. 


SUMMARY 


Preferential segregation has been demonstrated for telocentric 
and standard fragment chromosomes Trillium grandiflorum. The 
position the centromere does not influence the segregation 
fragment chromosomes. 


may concluded that preferential segregation depends: 


(a) properties characteristic for megaspore formation, and 
(6) univalent condition fragment chromosomes. 


Telocentrics are less stable than standard fragments. Structural 
changes and disintegration telocentrics occur consequence 
chromosome breakage and reunion. 


work has been carried out with the support the Swiss 
National Foundation. Special thanks assistant, Miss Botta, for con- 
scientious cooperation. 
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INTRODUCTION 

WHEN the incidence recombination regions adjacent very 
short segment chromosome one less than unit length) 
measured (a) whole population meiotic products and 
that small proportion the population which there has been 
recombination between the marker genes delimiting the short segment, 
found that the values for are higher than for (a): there 
negative interference between exchanges the short segment and 
the adjacent regions (Pritchard, 1955; 1960; Calef, 1957, Asper- 
gillus nidulans; Streisinger and Franklin, 1956, phage and 
Chase and Doermann, 1958, phage T4). 

practice, the two sets recombination fractions, for (a) and 
(b), are estimated two different samples from the population 
meiotic products. One, called the present paper the unselected 
sample, random sample the whole population. The other, 
called the selected sample, consists only recombinants between the 
closely linked markers. The short segment, the rare recombinants 
which comprise the selected sample, will called the selective 
region. 

The unselected sample obtained, Aspergillus nidulans, plating 
suspension ascospores, representing the population meiotic 
products, non-selective medium which all can grow. The 
selected sample obtained plating ascospores from the same 
suspension selective medium which only the rare recombinants 
will grow. selective plating this kind, only half the recom- 
binants are recovered; ¢.g. the cross +6, which and 
are mutant alleles determining growth factor requirements, only 
the prototrophic recombinants grow and the double auxotrophs 
not. The technique has the disadvantage that those prototrophic 
colonies which may result from processes other than recombination, 
mutation, cannot distinguished from recombinants, but the 
intensity negative interference would this case underestimated. 

Selection used opposite random sampling products 
meiosis, must not confused with its use in, say, breeding experi- 
ments, where refers the choice the parents generation. 

Negative interference between exchanges two regions, 
other words positive correlation between them, means that crossing- 
over these regions not independent, more cells than expected 
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having exchanges both. The distribution crossing-over between 
the regions non-random. Negative interference can arise from 
pooling two populations meiotic products which the incidence 
crossing-over higher both regions one population than 
the other (Sturtevant, 1955). The two populations could be, for 
example, the products different sexes (cf. Drosophila extreme 
case), different individuals the same sex, even one 
individual there were for example systematic variation the 
incidence recombination with age. Crossing-over may dis- 
tributed non-randomly over the whole chromosome set, only 
single chromosome; over long segment chromosome only 
within very short segment. 

has been suggested that the high intensity negative inter- 
ference between exchanges very short region chromosome, 
less than one unit length, and the adjacent regions due 
non-random distribution crossing-over within short segments; 
other words, localised clustering exchanges (Pritchard, 1955, 
1960; Chase and Doermann, 1958). Pritchard supposes that effective 
the condition necessary for exchanges occur, confined 
short segments which more than one exchange can occur; 
the segment between two effectively paired segments there 
effective pairing and crossing-over. The whole population includes 
the products many cells which were effectively unpaired the 
selective region; the selected sample consists only the products 
cells with effective pairing within the short region. The extension 


of 


pairing one, the other both sides the selective region will 
increase the incidence recombination these adjacent regions, 
but not other regions, the selected compared with the unselected 
sample. 
the other hand, crossing-over distributed non-randomly 

a 


throughout the nucleus, that exchange independent any 
other, the incidence recombination will higher selected 


sample cross-overs than unselected sample all regions. 

The present work attempt decide whether negative inter- 
ference Aspergillus nidulans purely localised, whether there 
also present generalised effect, extending perhaps throughout the 
nucleus. and generalised negative interference may 
distinguished comparing the difference between the recombination 
fractions selected and unselected samples for the regions adjacent 


short selective region, for further region the same chromo- 


some, and for one different chromosome. 
hyacinths, temperature determines whether there positive 
correlation correlation between the chiasma frequencies 

different bivalents (Elliott, 1958). Crosses Aspergillus were therefore 
made different temperatures. crossing-over different bivalents 

positively correlated, expect the recombination fractions 
chromosome other than that carrying the selective region higher 
gl 
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than the unselected sample. there correlation between 
different bivalents, these recombination fractions should the same. 
Generalised negative interference might thus detectable one 
temperature but not another. 


(a) Experimental details 


The linkage maps for these markers, together with the standard 
map lengths (at 37°) (Kafer, 1958) are: 


This cross was designed have (i) short region, ad-paba, less than 
unit length,* which selection for rare cross-overs could 
made (selective region), (ii) marked regions either side this 
short region (pro-ad, paba-y), (iii) region the same chromosome 
not adjacent the short interval (iv) region another 
chromosome (Acr-w). 

The parental strains were inoculated together minimal medium 
and placed 25°, 37° and 42° until perithecia were mature. 
suspension ascospores from large number perithecia was plated 
(i) minimal medium supplemented with proline, adenine, 
benzoic acid and biotin (non-selective), (ii) minimal medium with 
proline and biotin (selecting recombinants and incubated 
37° all cases. 

The data given for each temperature are the combined results 
several platings. The different platings were tested for heterogeneity 
comparing the numbers cross-overs and non-cross-overs each 
plating for each the regions pro-ad, paba-y, y-bi and Acr-w. For the 
selective and non-selective platings the three temperatures the 
value exceeded its per cent. level one out cases, and 
although too many values exceeded the per cent. level, the data 
may considered sufficiently homogeneous. 

The recombination fractions observed are given table 
for the regions paba-y are based only about half the products 
meiosis, those carrying because the other half, carrying 
are colourless and therefore cannot classified 

Since the fungus homothallic, the unselected samples must 
examined see whether there any evidence high proportion 


total 5724 unselected strands (pooled data several crosses), have found 
the distance between these markers units. This agrees with the value 
which results from the data Calef’s (1957) table but which was incorrectly 


i 
' 
! 


250 ELLIOTT 


selfed asci. excess parental types the population due 
selfing would reduce the recombination fractions for all regions 
the unselected sample, and accentuate any real differences between 
the selected sample (which consists recombinants only) and the 
unselected sample; would produce negative interference the 
generalised type. Selfing would judged significant the number 
the fully parental class (e.g. paba bi) was greater than that arising 

through recombination chromosomes without crossing-over (paba 

TABLE 


Results cross 


25° 37° 42° 
| 
Chromosome 
| 
Chromosome 
No. colonies 
recombination fraction (per cent.) unselected samples. 
recombination fraction (per cent.) selected samples (recombinants selected 
ad* 


RI= 100. 


The recombination fractions for paba-y and y-bi are based the number 
colonies, those for other regions the total number. 


Difference between and significant per cent. level. 


Acr when compared with the classes which there had been 


Such data are given table evident that the proportions 
the first two classes agree all cases with those the second two. 
The difference between the classes each pair due the recovery 
fewer white than non-white colonies. (Among the recombinants 
with combinations nutritional markers other than proad and 
paba there were also fewer than colonies.) Furthermore, 
when parental classes were eliminated selecting paper recom- 
binants between markers different chromosomes, the recombination 
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fractions calculated half the data were changed rather less 
than their standard errors, and each temperature the recombination 
fractions for some regions among these recom- 
binants were less and for other regions greater than those calculated 
the total data. Hence this cross the vast majority asci must 
hybrid origin. 

Some the colonies growing the selective media were diploids 
(Pritchard, 1954); these have been excluded from the results. 


/ 


o 


RECOMBINATION FRACTION 


TEMPERATURE 
Fic. 1.—Cross unselected samples. The effect temperature 
recombination fractions for four regions. 


25° and 37° they comprised about per cent. the colonies, but 
42° they were much more numerous (over per cent. well- 
growing colonies), and there were besides many small irregular 
and poorly growing colonies, believed aneuploids, which were 
not tested. 
(b) Results 

The effect temperature the unselected samples. For all regions, the 
highest recombination fractions are observed 25° and the lowest 
42° (table fig. differences between temperatures are 
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significant, except for between 25° and 37°. The frequency 
strands with exchange the marked region chromosome 


exchange 


FREQUENCY 


Singles 


TEMPERATURE 


Fic. unselected samples. The effect temperature the frequency 
strands with exchange, with one, and with more than one exchange four regions 
Chromosome 


increases with increasing temperature, and the frequency singles 
and multiples decreases (fig. 2). 
Temperature not only affects the total amount crossing-over, 


Multiples 


CI 
) al 


es 
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but alters its distribution among the four marked regions chromosome 
The lengths these regions relative the total distance pro-bi 
the three temperatures are shown fig. relative length 
the region pro-ad (i.e. the proportion all exchanges which fall 
within that region) increases with increasing temperature, though not 


Fic. 3.—Cross unselected samples. The lengths the various regions Chromosome 
relative the total distance different temperatures. 


significantly. relative length the region paba-y is, however, 
less 37° than 25° and 42°; the difference between 25° and 37° 
significant, but not that between 37° and 42°. 

contrast the observations Drosophila (Plough, 1917, 1921; 
Stern, 1926), greater effect temperature the incidence 


TABLE 


Cross Data comparing the numbers Chromosome non-cross-overs (pro and paba bi) 
with and without recombination for the Chromosome markers (Acr and 


| | | — 


| | 

includes one pro includes two pro Acr 

includes one pro Acr includes seven 


*** includes one Acr 


crossing-over shown the region paba-y than one, namely 
pro-ad, which closer the centromere. 

Recombination fractions the samples rare cross-overs. seen 
table the recombination fractions the selected samples 
among the rare cross-overs the short region ad-paba) are greater 
than the unselected samples for all regions. The magnitude the 
increase recombination fraction the selected samples best 


47° 
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considered relative the length the region the unselected 
samples (RI table The effect temperature the magnitude 
the increase differs for the various regions, follows: 

(a) the two regions pro-ad and paba-y, which are adjacent the 
selective region, the smallest increases are observed 25° and the 


TABLE 


Recombination fractions (per cent.) for Acr-w unselected and selected samples the 
separate platings, with tests significance difference between samples 


Unselected samples Selected samples 


are | 
Cross 
Total 24°58 27°61 2°65 
399 20:06 324 0°43 
Cross 
Total 23°26 920 24°66 


largest 42°. The differences between the recombination fractions 
for paba-y the selected and unselected samples are significant 
37° and 42°, but for pro-ad they are large enough significant 
only 42°. 


| 
Vv 
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or 


(b) the region which the same chromosome the 
selective region but separated from the region paba-y, the smallest 
increase, which not significant, observed 37°, and the increases 
25° and 42° are larger and significant. 

(c) the region Acr-w, different chromosome from the 
selective region, the relative increases the recombination fractions 
the selected samples are small, and none them significant 
calculated the total data. But there were real increase 
the incidence recombination the selected samples, the difference 
between selective and non-selective recombination fractions should 
positive and negative equally frequently. this cross, there were 
five cases which spores were plated both selective and non- 
selective media from the same suspension (table 3). four the 
recombination fraction for Acr-w the selected sample was greater 
than the unselected sample. For each plating, may calculate 
value for one degree freedom from the numbers recom- 
binants and non-recombinants growing each the two media, 
and make overall test significance such values summing 


the values (account being taken whether the difference 
positive negative); this total distributed normally with mean 
zero and variance The sum the five values which, 
with standard error 2:24, has probability there 
real increase the selective recombination fractions. Adding 
comparable data from cross (see below) the recombination fraction 
was greater the selected sample out platings (table 3), 
increase the incidence recombination Acr-w meiotic products 
with exchange between and paba. then observe that there 
increase the magnitude the effect with increasing temper- 
ature; the smallest increase observed 25°, and the largest 42°. 


CROSS 


this cross, the same markers were used the first cross, but 
they were differently distributed between the two parents. cross 
the most frequent class among the recombinants 
cross pro bi. The cross was made 25° and 37°. The results 
are given table The incidence crossing-over less cross 
than cross but cross agrees with the first the following 
essential respects: (i) the recombination fractions the unselected 
samples are greater for all regions (except y-bi) 25° than 37°; 
(ii) there are differences the relative lengths the various regions 
the two temperatures similar those shown fig. and (iii) the 
relative increase the recombination fractions the selected 
compared with the unselectedsamples greater 37° than 25° 
for pro-ad, paba-y and Acr-w, but greater 25° than 37° 
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(iii) 
The first point noticed these results that the selected 
samples, comprising cross-overs between and paba, show higher 
incidence recombination than the corresponding unselected samples. 
all regions. Next, temperature affects the magnitude the difference 
between recombination fractions the two samples, and the effect 
temperature not the same for all regions. 
The increased recombination fractions selected samples for 
pro-ad and paba-y, adjacent the selective region, were expected, 
TABLE 
Chromosome 
recombination fraction (per cent.) unselected samples. 
recombination fraction (per cent.) selected samples. 
Difference between and significant per cent. level. 
following the work Pritchard (1955) and Calef (1957), and may 
attributed the clustering exchanges short segments 
chromosome. The smallest relative increases (RI table for these 
regions are 25° and the largest may related the 
decreasing incidence crossing-over the selective region (as for 
the whole segment pro-bi: fig. temperature increases. Pairing 
and crossing-over the selective region occur only proportion 
cells the whole population, the products which are found 
the selected sample; the smaller this proportion the greater will 
the difference between the selected sample and the unselected 
sample (representing the whole population) the amount detectable 
crossing-over the short paired segments centred the selective Sal 


region. 


J 
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Pritchard (1960), studying three very short regions total map 
length less than unit, showed that intense negative interference 
highly localised. But region far removed from his selective region, 
consistently observed small increases the recombination fractions 
the selected compared with the unselected samples. The results 
the present crosses for the region Acr-w, different chromosome 
from the selective region, are comparable. Here the increases, though 


than for the adjacent regions pro-ad and paba-y, are probably 


real. implies positive correlation between exchanges the 
regions ad-paba chromosome and Acr-w chromosome II, which 
may reflexion non-random distribution crossing-over 
throughout the nucleus. generalised negative interference 
different from and superimposed the localised effect. these 
heterogeneous populations, the rare cross-overs are more likely 
found the products cells with high incidence crossing-over 
all regions. 

The smallest relative increase for Acr-w 25° and the largest 
42°. Thus the strength this interchromosomal correlation increases 
temperature increases and the incidence crossing-over decreases. 
sample which there positive correlation between exchanges 
different chromosomes may differ from uncorrelated one either 
having less even distribution crossing-over between cells 
having more even distribution within cells (Elliott, 
the present genetical data, these alternatives cannot distinguished, 
and the basis the change correlation with temperature cannot 
defined. 

The effect temperature the relative increase for the region 
the same chromosome the selective region but not adjacent 
it, different from that for the other regions. The relative increase 
(RI tables and smallest 37°; and the increases 25° 
and 42° are very considerable, being actually greater than for the 
adjacent regions (pro-ad and paba-y) these temperatures. Generalised 
non-randomness the distribution crossing-over throughout the 
nucleus would therefore appear inadequate account for the increases 
recombination selected samples for this region. That the relative 
increase can greater non-adjacent than adjacent region 
cannot explained either Calef’s (1957) hypothesis that the increase 
non-adjacent regions due the inclusion the selected sample 
the products small proportion cells which the effectively 
paired segment was long bridge the adjacent region. 

The results for could however due part differences 
between temperatures the way exchanges are distributed along the 
one chromosome (i.e. the distribution the short effectively paired 
segments), particular among the doubles and multiples. For there 
any increase the incidence recombination the selected 
samples, the distribution exchanges among the various regions 
must non-random, i.e. there must more cells with double and 
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multiple exchanges and more with exchange than expected. The 
unselected samples contained too few doubles provide any meaning- 
ful data the spacing exchanges double cross-overs the 
different temperatures. But the two exchanges double were 
further apart 25° and 42° than 37°, and since proportion 
the exchanges the selective region would the proximal ones 
doubles, the relative increase for would greater the two 
former temperatures than the latter. 


TABLE 
Cross 


Recombination fractions (per cent.) observed samples eight interchromosomal recombinants. 
120 colonies were scored each sample 
Sele 
mar 
length 
CROSS 
ribo1 ad14 phen2; meth1 bi1; Acr1; pyro4 
selected samples cross-overs between closely linked markers, 
the incidence recombination other regions higher than 
unselected samples the same meiotic products. cross the 
incidence recombination selected samples cross-overs between 
loosely linked markers was studied. The loosely linked markers were 
distributed over most the known length chromosome 
were also markers three other chromosomes 1958). The 
cross was made 37°. From suspension ascospores from some 
perithecia, platings were made eight different media 
recombinants between various markers independent chromosomes 
(interchromosomal recombinants) (table 5), and platings were made 
nine media obtain recombinants between markers chromosome 
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(intrachromosomal recombinants) (table 6). second suspension 
was used increase the sample size for several recombinants. The 
samples inter- and intrachromosomal recombinants correspond 
unselected and selected samples respectively. 

For each region, the recombination fractions the various un- 
selected samples (i.e. the samples different interchromosomal 
recombinants) agree fairly well, and the total map lengths are also 
homogeneous (table 5). 

TABLE 
Cross 


Recombination fractions (per cent.) observed samples nine intrachromosomal recombinants. 
120 colonies were scored each sample, except for where only were recovered 


oled value 

| 

distance between selective markers (from table 5). 

sum recombination fractions for intervals outside selective markers. 
total map length (from table units. 
the various selected samples (i.e. the samples different 


intrachromosomal recombinants) (table 6), the length the map 
outside the selective region depends the length the selective 
the selected and unselected samples not differ the 
incidence recombination, expect the map length, the 
chromosome outside the selective region the selected sample 
the same the total map length unselected samples, less the 
the map length selected samples greater than this, 
Further, the shorter the selective region, the greater the increase 
the incidence recombination the selected sample, i.e. the 
increases decreases (table and fig. 4). The 
regression coefficient calculated from the values and table 


> 
> 

> 
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which significantly different from the expected 

This relation evident only when add together the lengths 
the various regions. The lengths each region the various 
selected samples are homogeneous (table 6); indeed the agreement 
between them rather better than the different unselected samples! 

Taking all the selected samples together, the pooled recombination 
fraction for each region higher than the pooled value the un- 
selected samples, except for the distal regions and The 


Fic. 4.—Cross The relation between the length the selective region (x) and the 
length selected samples the map outside the selective region (y). The straight 
line represents the equation where map length unselected 
samples units. 


greatest relative increases are for the regions an-ad 
adjacent the region ad-pro which includes the centromere. The 
increased recombination observed selected samples cross-overs 
not therefore peculiarity very rare cross-overs. 

The relation between the length the selective region and the 
map length outside selected samples suggests have hetero- 
geneous population which the rarer cross-overs are more likely 
found the products cells with high incidence crossing- 
over and the less rare cross-overs the products cells with less 
high incidence. The incidence recombination observed selected 
sample rare cross-over therefore greater than sample 
less rare cross-over. 


120 
80 
40 
\ 
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SUMMARY 

cross was made three temperatures: 25°, 37° and 42°. For 
each temperature the incidence recombination was measured 
two samples taken from the same suspension ascospores (products 
meiosis): (i) unselected random sample the 
spores, (ii) “selected sample” spores showing recombination 
short segment less than one unit long. The 
regions measured were two adjacent the selective region, further 
region the same chromosome, and one different chromosome. 

the unselected samples, the recombination fractions for all 
regions decrease temperature increases. 

the selected samples, the recombination fractions were greater 
than the corresponding unselected samples for all regions. For 
the regions adjacent the selective region, the smallest difference 
between the recombination fractions the two samples, relative 
the length the regions unselected samples, was 25° and the 
largest 42°. For the region different chromosome from the 


Selective region, the relative increases recombination fraction 


the selected sample were smaller than for the adjacent regions, but 
there were real increases; the smallest was 25° and the largest 
42°. the other hand, for the region the same chromosome 
the selective region but not adjacent it, large differences between 
the recombination fractions the two samples were observed 25° 
and 42°, but only small difference 37°. 

The results are interpreted due to: 


(a) non-random distribution exchanges within short effec- 
tively paired segments. 

weak positive correlation between exchanges throughout the 
nucleus. The deviation from random distribution increases 
with increasing temperature. 

(c) Non-random distribution exchanges among long segments 
one chromosome, the distribution exchanges double 
cross-overs being different different temperatures. 

another cross, the incidence recombination selected 
samples cross-overs between linked markers was likewise 
greater than unselected samples. The difference map length 
between the two samples was inversely related the length the 
selective region. 

wish thank Professor Pontecorvo, for his 


suggestions and criticisms throughout the course this investigation. The work 
was supported grant from the Nuffield Foundation. 


REFERENCES 


CALEF, 1957. Effect linkage maps selection cross-overs between closely 
linked markers. Heredity, 11, 256-279. 

CHASE, M., AND DOERMANN, 1958. High negative interference over short 
segments the genetic structure bacteriophage T4. Genetics, 43, 332-353- 


| 
) 


262 ELLIOTT 


ELLIOTT, 1958. Environmental effects the distribution chiasmata among 
nuclei and bivalents and correlation between bivalents. Heredity, 12, 429-439. 

KAFER, 1958. 8-chromosome map Aspergillus nidulans. Advanc. Genet., 
105-145. 

PLOUGH, 1917. effect temperature crossing over Drosophila. 

PLOUGH, 1921. Further studies the effect temperature crossing 
exp. Zool., 32, 187-202. 

PRITCHARD, 1954. Ascospores with diploid nuclei nidulans. 
Int. Gen. (g), 1117. 

PRITCHARD, 1955. The linear arrangement series alleles Aspergillus 
nidulans. Heredity, 343-371. 

PRITCHARD, 1960. Localised negative interference and its bearing models 
gene recombination. Genetical Research, 1-24. 

STERN, 1926. effect temperature and age crossing over the first 
chromosome Drosophila melanogaster. P.N.A.S., 12, 530-532. 

STREISINGER, G., AND FRANKLIN, 1956. and recombination the 
host range genetic region phage T2. Cold Spring Harbor Symp. Quant. 
21, 

STURTEVANT, 1955. recombination theory. cell. comp. 
Physiol., 45, suppl. 237-241. 


} 1 


THE EFFECT INCOMPLETE PENETRANCE THE 
ESTIMATION RECOMBINATION VALUES 
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INTRODUCTION 

testcrosses intercrosses involving double heterozygotes the most 
common disturbances the expected 
ratios are caused by: (1) linkage between the two loci; (2) failures 
manifestation that lead assigning proportion individuals 
phenotypic classes inappropriate their genotypes; and (3) upsets 
the formation function gametes zygotes, leading differential 
viability. Linkage can distinguished from the other two sources 
disturbance because upsets the joint distributions without affecting 
the single-gene ratios. 

experiments designed estimate the linkage parameter, interest 
the other parameters entering the expectations generally limited 
consideration the disturbing effects they may have estimation 
the recombination fraction. There are two main methods dealing 
with disturbances linkage experiments. The first method set 
conditions that penetrance complete and viability equivalent 
all classes. This method cannot course used when there 
known way eliminating difficulties incomplete penetrance 
differential viability. second method develop statistical 
techniques that minimise the effects the disturbing factors (Bailey, 
1949, 1950; Sanchez-Monge, 1952, and Parsons, 1957). The present 
paper extends the methods developed these investigators, and 
tests their efficiency applying them data from families which 
disturbances attributable penetrance are severe one stage 
development the experimental organism, and negligible absent 
another stage. 


TESTCROSSES 
(a) Undisturbed data 
When viability unaffected and penetrance complete, the 


expected proportions the offspring the testcross are 


given table under The likelihood obtaining given 
family with observed frequencies and 

(1) 


which m,, and represent the expected proportions corres- 
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expression, efficient estimate the linkage parameter, obtained 
(2) 
Strictly speaking, some similar notation should used 
formula (2) for distinguish the estimate from the parameter 
Such distinction will not made this paper for for other para- 
meters since should always clear which meant. The expected 


estimate this variance given 
d)(b 


which obtained substituting formula (3) the value obtained 
from formula (2). 
TABLE 


Observed and expected frequencies for backcross data 


Expected frequencies 


Phenotype 


The test for linkage backcrosses with undisturbed 
viability and complete penetrance 


(b) Incomplete penetrance 
For coupling phase backcross which viability 
likelihood obtaining observed family 


n ! d 
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Using maximum likelihood methods given Bailey (1950) and 
Sanchez-Monge (1952), obtain the following estimates and 


and 
b(a+c) 


The expected variance approximated (see Fisher, 1954) 


This expression, which can also written 


equivalent Bailey’s formula (3.5). corrected version 
Sanchez-Monge’s formula (10).* 

find the variance obtained from information realised 
particular family, let 

b+d 
Then 
and 

Since and can presumed independent, the covariance 
term zero. Now 


that 
(10) 


The estimate given (g) for the values and obtained 
from (7) and (8) will usually not greatly different from the estimate 
V,, given (10), but these two estimates will identical only 


The expected variance obtained 


Many the formule this paper replace formule given incorrectly Sanchez- 
Monge. The errors are being corrected here with the approval Sanchez-Monge, 
whose cooperation herewith gratefully acknowledged. 
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This expression, which can also written 


2p(1 


equivalent Bailey’s formula (3.6), and formula (12) 
Sanchez-Monge. 


find the variance obtained from information realised 
particular family, rewrite (8) 
Then 
or, assume that uncorrelated with 


The estimate given equation (11) for the values and 
obtained from (7) and (8) will ordinarily not differ greatly from the 
estimate given (12), but the two estimates will identical 

test the significance the departure from unity, correcting 
for linkage, assume for which case the maximum likelihood 
estimate 


the expected frequencies are 
Comparing these expectations with the observed frequencies 
a—d)? 
a+d 
which based two degrees freedom, since, the three originally 
available, one has been used estimate The value given 
(13) can considered the sum two values each based 
one degree freedom, which the first tests for the departure 


Vs 
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and the second tests for the departure from unity, that 

Formula (15) identical with Bailey’s formula (3.7). 

test the departure from correcting for incomplete 
penetrance the locus, first find the maximum likelihood 


(15) 


The expectations are then 
which, compared with the observed frequencies and gives 


This can also considered the sum two values 
each based one degree freedom. The first identical with (14) 
and the second tests for the departure from that 


a+b 


This can rewritten 


which identical Bailey’s formula (3.2). 

shown Bailey, the following transpositions symbols are 
necessary for repulsion crosses and for the opposite type mis- 
classification, where proportion individuals classified 
with Aa: 


(17) 


(c) Consistency estimation under incomplete penetrance 
Suppose that penetrance complete maturity (stage but 
that larger families can accommodated earlier stage 
development (stage when classification complicated incomplete 
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manifestation one two loci whose linkage relations are under 
investigation. The following questions arise: (1) What effect does 
incomplete penetrance have the value calculated the usual 
estimator (formula 2)? (2) Will the estimator that corrects for 
incomplete penetrance (formula give consistent estimate 
(3) Will stage stage data allow more economical accumulation 
information about i.e. which will produce the smaller standard 
error for given effort? The first two questions are considered this 
section, and the third the next section. 

With undisturbed (stage data the estimate obtained the 


standard estimator whose expectation With incomplete 


penetrance (stage data) the corresponding expectation 


Since whenever 


stage data can expected underestimate the intensity linkage 
incomplete penetrance ignored. 

evaluate the consistency the estimate obtained from formula 
(8), let the value occurring the phenotype AB, and 
that occurring the phenotype that and are two sample 
values the variable Then have the following situations 
stages and 


Phenotype Stage Stage 


The value given stage data found, accordance with 
formula (2), 


Uy uy (18) 


n 


ith 
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and that given stage data found, accordance with formula 
(8) 

compare and let define means the following 
equation: 


from its maximum likelihood estimate, Similarly, define 
the equation 


Substituting these values and into (18), obtain 
—ae 


Therefore, the difference between the estimates obtained from 

i= ae, 

follows that: 


particular, follows that: 


Both and can assumed distributed that their mean 
accept the value obtained from stage data the 
value expect that will overestimated half the time and 
underestimated half the time from stage data and that, over 
same for all genetic phases the locus. 
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(d) Efficiency estimation with incomplete penetrance 
When estimated from undisturbed data, the expected variance 


(formula 3). 


The corresponding expression when correction made for 


The estimates obtained calculation from formulas (3) and (11) 
are, general, not the same. note, however, that the values 


PER CENT. EFFICIENCY 


0-4 0-3 0-2 0-1 
RECOMBINATION VALUE (p) 


Fic. 1.—The relationship between information expected for undisturbed contrasted with 
disturbed testcross data, expressed the ratio 


and not differ markedly, say less than the corres- 
ponding values the expression will differ little. Hence, 
comparing (3) and (11) write 


2 


a 


1:0 
0-9 
’ 
0:7 
0-25 
| 


PENETRANCE AND RECOMBINATION VALUES 271 


from which can seen that only when and 


Thus, when estimated increase the accuracy estimation 
ratio depicted graphically fig. from which seen 
that only slightly less efficient than estimator when 
penetrance nearly complete and linkage loose, but drastically 
less efficient with tight linkage and severe failure manifestation. 


INTERCROSSES 
(a) Undisturbed data 


When viability unaffected and penetrance complete, the 
expected gametic output intercross AaBb AaBb is: 


which and are the recombination values male and female 
gametogenesis. These two parameters enter the expectations 


TABLE 
Observed and expected frequencies for intercross data 
Expected frequencies 
ab | d = +P = 3[P+(1—P)(1—x)] 


different ways for coupling and repulsion data, that principle 
and can estimated individually when both sorts data are 
available. practice, however, convenient assume 


and estimate from VP. Writing matings repulsion 
and for matings coupling, the expected pro- 
portions the four distinguishable phenotypic classes are given 
table under and the likelihood obtaining given family 


(19) 
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Differentiating the logarithm this likelihood with respect and 
equating zero, obtain the positive solution 


The expected variance 


(21) 


The expected variance for matings repulsion 

and for matings coupling 


The usual test for linkage the absence disturbing influences 


(24) 


(b) Incomplete penetrance 
For intercross which the penetrance gene incomplete, 
that fraction 1—u and genotypes classified pheno- 
typically aa, the expected frequencies the four phenotypes 
the offspring are given table under The likelihood 
obtaining observed family now 
n! a Cc a 
Using maximum likelihood methods given Sanchez-Monge, 


(26) 
and 
(27) 
4ab 
from which obtain estimate for matings repulsion 
and for matings coupling 
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(28) 


which correction formula (18) Sanchez-Monge. 
The variance actually realised given family 


The estimates given (28) and will usually not differ 

greatly. 

The expected variance 


(29) 


(30) 


which correction formula (20) Sanchez-Monge. The expected 
variance for matings repulsion given 


24) 
and for matings coupling 
no- 
which correction formula (21) Sanchez-Monge. 
25) The variance actually realised given family obtained 
The variance realised from matings repulsion 
27) 
and from matings coupling 
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test the departure from unity, correcting for linkage, 
assume for which case the maximum likelihood estimate 
obtained the positive solution equation (20). The expected 
frequencies are then found substituting this estimate the 
column labelled table simple explicit formulas for 
these expectations can given, since there simple explicit 
formula for Comparing the expectations with the observed 
based two degrees freedom since, the three originally available, 
one has been used estimate This value can considered 
the sum two values each based one degree freedom, 
where the first tests for the departure the segregation from the 

2 
(36) 


and the second tests for the departure from unity, which then 


given 
detect the existence linkage, correcting for incomplete 
penetrance the locus, first find the maximum likelihood 
The expectations are then which, 


compared with the observed frequencies and give 


This the sum two values each based one degree 
freedom. first identical (36) and the second tests for the 


This can rewritten 


(c) Efficiency estimation from disturbed intercross data 


When estimated from undisturbed intercross data, the amount 
information expected 


| li 
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Information expected from disturbed data given 


The values will not exactly the same these expressions, but, 
since the two estimates can expected differ little, can use 


fee] 


PER CENT. EFFICIENCY 


RECOMBINATION VALUE (p) 
REPULSION COUPLING 


Fic. 2.—The relationship between information expected for undisturbed contrasted with 
disturbed intercross data, expressed the ratio 


the ratio measure efficiency estimation for various 
values and This ratio depicted graphically fig. from which 
seen that only slightly less efficient than estimator 
when linkage loose and penetrance nearly complete. When 
linkage tight, incomplete penetrance causes only moderate losses 
efficiency for coupling crosses but severe losses efficiency for 
repulsion crosses. 
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APPLICATIONS TESTCROSS AND INTERCROSS DATA 
(a) Experimental materials 


Indeterminant determinant habit growth the lima bean, 
Phaseolus lunatus L., governed single Mendelian gene pair, 
D-d (Allard, Red green hypocotyl colour seedling 
plants also governed single Mendelian gene pair, R-r, which 


TABLE 


frequencies for the testcross and the coupling and repulsion intercrosses 
RrDd RrDd seedling and mature plant stages development 


Phenotypic class 


Testcrosses 

138 157 125 

149 125 

132 

205 119 

134 

125 

120 

120 


Testcrosses were made with the aid male-sterility gene. 


these families, mortality averaged per cent. after seedling classification and 
before mature-plant readings could taken. Plants scored the seedling stage that failed 
survive until seed-coat colour could determined were not included the seedling- 
stage data. 


often fails manifest (Allard, 1952). R-r also governs red dark- 
red seed-coat colour, mature-plant character with complete mani- 
festation (Allard, Studies mature plants have established 
that recombination between these two loci about per cent. 
(Allard, 1956; Allard and Clement, 1959). Among many families 
studied field plantings over several years, eleven were classified 
both seedling and mature-plant stages development 
maintain the identity individual plants both stages. this 
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section, data from these families are used for experimental evaluation 
the effectiveness the statistics Sections and estimation 
when the data are disturbed incomplete penetrance. 


(b) Detection and estimation incomplete penetrance 


Among the three degrees freedom available for each backcross, 
F,, family, one can used calculate for the deviation the 
D-d segregation from the expected ratios. The observed 
deviation was significant for only one the eleven families listed 
table (Family This result, combined with extensive previous 
experience that the D-d segregation gives good fits expectancies 
based monofactorial Mendelian segregation, suggests that the 
single significant deviation observed here was chance event. Hence 
concluded that the D-d segregation undisturbed these families. 
Another degree freedom can used test goodness fit 
for the R-r segregation. Only Family deviated significantly from 
expectation for the mature-plant data. The deviation 
was toward excess dominant phenotypes. Thus, for mature- 
plant data, there reason suspect difficulties manifestation. 
seedling-stage plants the R-r segregation showed significant 
excess individuals with green hypocotyls all eleven families 
(table column 1). Since this segregation gave good fit Mendelian 
expectations for the mature-plant data, viability difficulties can 
eliminated the cause the deviation and the deviation thus 
most reasonably attributed failure portion the genotypically 
coloured plants develop pigmentation. measure the failure 
column table should noted that the deviation from 
unity less than standard errors for the mature-plant data (excepting 
Family 10) and uniformly greater than two standard errors for the 

same families seedling stage. 
table establish that the R-r gene segregates according Mendelian 
expectations maturity, but that penetrance incomplete, 
seedling stage, degrees varying with the environments encountered 

the seedling plants. 


(c) Detection linkage 


The standard tests for linkage (formule 24) indicate linkage 

the families when they were classified maturity (table 
column but only the families when classified seedlings, 
(table column 3). will also noted that the values were, 

with one exception, smaller for seedling-stage than for mature-stage 


classification. Formule and take incomplete penetrance into 

account and therefore minimise the bias resulting from incomplete 
manifestation. For these particular families the correction for in- 
complete penetrance did little improve the sensitivity the 
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test. This was the case both for mature-plant data, where penetrance 
was complete (compare columns and table 4), and also for seedling 
data (compare columns and table 4), where penetrance was 
incomplete. The differences between the linkage calculated 
the two ways were negligible the present families. Nevertheless, 
the corrected should used routinely when there significant 


disturbance from incomplete penetrance, since easy visualise 
situations which the standard test could misleading. The 
formula that takes incomplete penetrance into account should not 


TABLE 4—Detection and 
| | 
Departure from unity ignoring incomplete correcting for incomplete and sti 
penetrance penetrance 
Seedling Mature Seedling Mature Seedling Mature 
| — 
| 
used for undisturbed data since reduces the amount informa- 
tion realised, particularly when the recombination value small. 
(d) Estimation linkage 
Estimates recombination fractions, calculated from both seedling 
and mature-plant data, with and without correction for incomplete 
penetrance, are given columns 9-12 table The values calculated 
from mature-plant data from formule correspond the usual 
estimates made from undisturbed data. These values are here accepted 
Correcting the mature-plant data for non-existent incomplete 
penetrance (column 12) led values that differed trivially from 
the standard estimates (column 10). This was expected since 
formula (8) reduces formula (2) and formula (27) reduces 
formula (20). was slight tendency for the standard error 
larger when correction was made for incomplete penetrance. 
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This also expected, because, for efficiency should reduced 
only slightly when linkage loose (figs. and 2). 

The estimates calculated from seedling-stage data, ignoring 
incomplete penetrance, are given column table Comparison 
with the true values calculated from mature-plant data (column 10) 
shows that, for these families, incomplete penetrance caused the 
intensity the linkage consistently underestimated. 
Again this expected, for reasons discussed section 

The magnitude this bias can determined comparing the 


penetrance and linkage 
alone 


Estimated values and 


standard errors, correcting 
for incomplete penetrance 


Estimated values and 
standard errors, ignoring 
incomplete penetrance 


Estimated values 
and standard errors 


Seedling Seedling Mature Seedling Mature 


0°3750+0'0255 


0°3749 
0°0372 


value obtained from the combined mature-plant data and the 
value obtained from the combined seedling data. Since the scoring 
method (see Mather, 1951; Rao, 1952) convenient when several 
sets data are combined estimating parameter, was 
adopted here. The estimated value for the combined mature- 
plant data was and for the combined seedling data was 
Thus the effect the usual estimator was upward bias 

The estimates obtained, taking incomplete penetrance into 
account, are given column table all backcross families 
these values were intermediate between the values (column 
10) and the uncorrected estimates (column g). Thus, the correction 
was the right direction but was uniformly too small. Among the 
seven families, four under- and three overcorrections were observed. 
will recalled from Section that undercorrection occurs 
and overcorrection with the reverse situation. The preponderance 
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undercorrections these eleven families does not appear 
significant, but present data not rule out the possibility that there 
genotypes. 

obtain combined estimate from all eleven families, taking 
the differences degree manifestation into account, note that 
the expectations involve the two parameters and and that are 
particularly concerned with the estimation and significance 


where maximum-likelihood estimates and given have 
been substituted. Thus, can find the combined maximum-likeli- 
hood estimate substituting into the following equations and 
solving for arithmetic trial and interpolation: 


Intercross (repulsion) 
The information about realised can calculated 
(42) 
which and represent adjacent values for which the scores 
take opposite signs. 
Fisher (1954) has shown that the sum the squares the 
for the pooled families, divided the information provided 
family, satisfies distribution. Thus, 
provides heterogeneity test with degrees freedom, which 
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The appropriate computations are set out below: 


Therefore The non-significant heterogeneity 
indicates that the families are consistent supporting the joint 

estimate the recombination value. 

The value, estimated from the undisturbed mature-plant 
data, was Hence the estimate from the disturbed 
seedling data, although 0-0197 too high, represents substantially 
better estimate than the value obtained when incomplete 

penetrance was ignored. 

Information realised, respectively, from the mature-plant data and 
from seedling data, taking incomplete penetrance into account, was 
and units. The efficiency the seedling data relative 
the mature-plant data was therefore per cent. Since seedling 
data are obtained with less than one-tenth much effort and expense 
mature-plant data, clear that information about linkage will, 
this case, accumulated more rapidly from seedling data. 

These results indicate that consistent estimates the linkage 
parameter can obtained from data which incomplete penetrance 
disturbing factor, and further, that loss efficiency not drastic 
unless failure manifestation severe. Estimators that take in- 
complete penetrance into account should therefore used routinely 
(a) when the experimenter cannot set conditions where penetrance 
complete (4) when the effort expense achieving complete 
penetrance exceeds the loss efficiency that accompanies addition 

the penetrance parameter the estimator. 


SUMMARY 


The consistency and efficiency linkage estimators that take 
incomplete penetrance into account are 
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Introduction penetrance parameter, does not affect consistency 
estimation (the linkage parameter) long incomplete 
manifestation a—>A equivalent all genetic phases the 
second locus two point tests. Efficiency estimation depends 
both and when penetrance taken into account. Efficiency 
but decreases and tend toward 

The effectiveness the estimators that take penetrance into 
account was examined experimentally applying them data from 
four backcross and seven families which manifestation was 


incomplete seedlings but complete mature plants. Ignoring 

incomplete penetrance led severely biased estimates linkage 

intensity for the seedling data. This bias was removed when correction 

was made for varying degrees manifestation, but the expense 

information. Nevertheless, the policy using seedling data was 
clearly advantageous since the loss efficiency was more than com- 

pensated the greater expense and effort required grow plants 

maturity. 

The estimators that take incomplete penetrance into account 


should particularly useful linkage experiments involving genes 
for disease resistance, and other similar situations where disturbances 


resulting from failures manifestation are common and certain 
method achieving complete penctrance known. 
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VARIOUS GENETIC SYSTEMS 
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INTRODUCTION 


diploid population, with two alleles and single locus, 
was shown Fisher (1922) that stable equilibrium consisting 
the genotypes AA, and could obtained the viability 
the heterozygote was greater than that both homozygotes. 
also showed that the gene frequency the equilibrium point depended 
only the viabilities the genotypes. Several examples such 
balanced polymorphisms have been examined detail genetically, 
for example the hemoglobin and genes (Allison, 1955), and the 
various inversions studied Dobzhansky and his co-workers 

Drosophila 

The theory more complex situations has been examined recently. 
For example, Owen (1954) gave the conditions for stability for three 
alleles locus, and Mandel has extended this problem 
many alleles locus. Such analyses have obvious practical signifi- 
cance when think for example the blood groups, but, 
course assume that adaptive values have remained constant through- 
out the course the evolutionary process. 

Another situation only recently examined equilibria auto- 
tetraploids. treat this problem with complete generality difficult, 
but making some simplifications (Parsons, possible 
derive the conditions for equilibrium. Bennett (1957) and Mandel 
have done analyses sex-linked genes, and Owen (1953) 
has constructed example where viabilities genotypes differ 

sexes. 

all these situations, obtain stability, there must some 
degree heterozygote advantage and Owen (1959) has proposed 
heterozygosity principle generalise this. 

The approach population genetic problems, which 
determine the equilibrium points and their stability, has been used 
for many years. However, often interest consider the initial 
progress new gene genotype rather than the progress near 
stable equilibrium. The conditions for the establishment new 
gene may often more important the evolutionary history 
population than the conditions for stable equilibrium. This approach 
the study population genetic models has been used Bodmer 
(1960a) the study the population genetics homostyle primroses 
and other problems (Bodmer, simple illustration 
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will consider the classic example random mating with two alleles 
single locus. the frequency gene and the frequency 
and the relative viabilities the genotypes AA, and 
are and respectively, such that amongst mature individuals they 
the gene frequency the next generation given 


If, initially, population only has gene and gene has been 
introduced mutation, can for the initial changes assume 
small and neglecting terms equation (1.1) becomes 


(1.2) 


This shows that for the introduced gene increase frequency 
must have h>b. The heterozygote must superior fitness 
the original wild homozygote for the newly introduced gene 
increase frequency. Since the frequency the homozygote 
the second order its viability does not affect the initial 
progress. The effective initial selective pressure and 
put and where small, this selective pressure 


This case clearly related the conditions for balanced poly- 
2h—a—b 
and for exist, and must both have the same sign. Now, 
since have already shown that for initial increase 
h>a well. Such system can shown stable and the 
example balanced polymorphism first analysed Fisher (1922). 
then gene will not only increase the balanced 
polymorphism, but will completely replace the original gene 
this and subsequent analyses have ignored the small chance that 
disadvantageous gene may increase frequency small population, 

due random sampling effects. 

consideration the conditions under which mutation will 
increase population obvious importance population 
genetics. More complicated examples, such those already mentioned, 
are amenable analysis, since can assume the gene frequency 
the new mutant small. Also, the conditions for initial increase 
gene will, some way, related the conditions for stable 
equilibrium, shown for the situation just analysed. Studying the 
conditions under which new gene will increase frequency should 
therefore give information which both important and relatively 
easy obtain for some rather complex population genetic models. 


morphism. The equilibrium frequency can shown 


4 cH 
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THE INTRODUCTION THIRD ALLELE INTO 
TWO ALLELE BALANCED POLYMORPHISM 


Following the notation Owen (1954) and Mandel 
may write the viabilities the genotypes formed with three alleles 


The respective frequencies the three alleles and 
one generation are given terms the frequencies 
the preceding generation the equations 


Let now suppose that the allele introduced into population 
containing the alleles stable equilibrium. The frequencies 
before the introduction will then (Fisher, 1922) 


h—b h—a 


where 


assume that initially small, and that the frequencies 
and after the introduction depart from and quantities 
the same order magnitude Then from equation 2.1, 
neglecting and higher powers, have 


where 


Thus for increase frequency must have k>1. Substituting 
the values and the expression for obtain 


i, 
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The condition that the allele should increase frequency may 
therefore written 


(2.3) 


symmetry the corresponding conditions that should increase 
the presence and and that should increase the presence 
and are 

A+H+G>o and 


respectively where are the appropriate cofactors. interest- 
ing note that the three conditions 


and 


together with the condition that should possible have 
balanced polymorphism with least one pair alleles their own, 
necessary and sufficient condition for the existence stable 
equilibrium with all three alleles present (Mandel, 298). 
This means that any allele can exist stable equilibrium with 
two other alleles and the same locus, then must possible 
for increase the presence and The above conditions 
are easily generalised deal with cases more than three alleles 
locus. 

Writing and the condition for the 
allele increase frequency becomes 


(2.4) 
This expression does not involve the viability the homozygote 
CC, which does not therefore affect the initial progress the allele 
However different values may determine whether replaces 
both and only one them, remains stable equilibrium 
with them both. When, for example >A, balanced polymorphism 


with all three alleles present only achieved 
replaces and obtain two allele balanced polymorphism 


and the condition for increase depends the viabilities 
and the new heterozygotes and AC. The new allele will 


large. However must have both and g>a, for 
increase but will not necessarily increase frequency 


Levene, Pavlovsky and Dobzhansky (1954) have studied experi- 
mental populations Drosophila pseudo-obscura containing all three 
the chromosome arrangements designated ST, and CH. 


considering the changes frequency the three types arrangement, 
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they were able obtain estimates for the viabilities all the possible 
genotypes that can formed. These are shown table together 
with the necessary calculations investigate completely the equilibrium 
and the various possible initial conditions. Since 
not possible with these viabilities (kept constant) for all three arrange- 
ments co-exist stable equilibrium, was shown Levene, 
Pavlovsky and Dobzhansky (1954). When and are present 
together stable equilibrium, will not increase frequency 


introduced, for and less than one. The frequency 


will increase extremely rapidly when introduced into popula- 
tion equilibrium for the arrangements and CH, and should 
eventually completely replace leaving balanced polymorphism 


TABLE 


analysis viability estimates for chromosome arrangement genotypes 


given Levene, and Dobzhansky (1954) 

F(= gh—af) G(= fh—bg) 0°5045 

0:0787 


— 


with the two arrangements and only. not possible for the 
two arrangements and exist together stable equilibrium 
because the viability the homozygote S7/ST higher than that 
the heterozygote ST/CH. 

earlier paper, Dobzhansky (1948) gave estimates the 
viabilities obtained from experiments using two arrangements 
time which differ considerably from the estimates shown table 
Thus population with only and present, the viabilities 
ST/AR, ST/ST and AR/AR are and respectively. The 
condition that should increase frequency when introduced into 


where, before, and are the viabilities the heterozygotes AR/CH 
frequency are given table is, course, not possible for 
increase frequency when and take the values indicated 
the triple experiment (table 1). order for increase frequency, 
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least the viability and probably also that AR/CH 
must higher the initial stages when the frequency still 
low. Similar conclusions apply the introduction into 
population equilibrium for and CH. 

Changes the adaptive values the various genotypes have 
often been reported (see e.g. Dobzhansky, 1957) and clear that 


TABLE 
The values the viabilities AR/CH and needed for 


model which assumes that the adaptive values remain constant 
can adequately explain the changes frequency which have been 
observed experimental populations. Levene, Pavlovsky and 
Dobzhansky (1954) found that the viabilities shown table estimated 
experimentally from the complete records, which extended over 
365 days, did not give satisfactory fit the observed changes. They 
showed that estimates based only the first 105 days the records 
the experimental populations differed significantly from the overall 
estimates, but they were not able obtain satisfactory estimates for 
the latter part the changes. equilibrium containing about 


TABLE 


The limiting values and the viabilities AR/CH and ST/CH, which allow 
the presence stable equilibrium with and 


Q 


per cent. per cent. and per cent. indicated 
the observed data whereas all the viability estimates made the 
data lead the loss the arrangement. When the frequency 


and have the same meanings before, and this must greater 

equilibrium. Only changes the viabilities the heterozygotes 
ST/CH and AR/CH are any importance the value 
the quantity and hence the possibility stable equilibrium 
with present. Assuming the viabilities and are table 
F+G+C that the condition imposed 
values and which would just allow the presence ina 
stable equilibrium are given table 
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The value the principal deciding factor and must, general 
increased order that stable equilibrium may attained. 
Assuming that slight changes the homozygote viabilities and 
have also occurred indicated Levene, Pavlovsky and Dobzhansky 
(1954) reasonable fit the observed equilibrium frequencies 
provided the set viabilities 


These give equilibrium frequencies 
seems possible that the viabilities the heterozygotes ST/CH and 


are near the viability when their frequencies are low, 
but that the viabilities decrease the population changes its con- 
stitution with increasing frequency CH. the effect 
selection during the further course the evolutionary process may 
increase the viabilities the inversion heterozygotes either altering 
the genic contents the inversions the selection modifiers which 
interact with these genic contents. This may cause the viabilities 
approach once again their original values and lead stable 
equilibrium containing all three arrangements. 
THE INTRODUCTION NEW ALLELE INTO 
TETRASOMIC POPULATION 
tetrasomics, must consider gametic genotype frequencies 

instead gene frequencies. For two alleles and there will 

three gametic genotypes AA, and whose respective frequencies 

may denoted and such that 

the five possible zygotic genotypes, which can denoted for brevity 
the frequencies the zygotes before and after selection are 
Before selection After selection 
Aga 2buv 
ew? 
Total 
> 

Now the population all and mutation occurs, then 
can assume that are small and neglecting second order terms 
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this order magnitude 

where and are the gametic genotype frequencies the next 

generation. 

Here have somewhat more complex situation than the classical 

balanced polymorphism for alleles diploid locus, since there are 

two parameters and about which are attempting make 


matrix, and the latent roots derived. The magnitude the 
dominant (largest) latent root will determine whether not the 
new gene will increase frequency. For increase frequency 
The matrix gives characteristic equation 
and when A,>1, either d>e and/or c>ge. For initial increase 
frequency the former inequality more likely important, and 
means that the fitness the simplex genotype There must 
therefore degree heterozygous advantage. The latter relation, 


which between the duplex and nulliplex genotypes implies that 
extreme heterosis, and will not usually great 
importance. The eventual situation the population necessarily 
depends the fitness the other genotypes and, even for simple 
case, computing the equilibrium values not easy (Parsons 
The above conditions, however, are directly related the conditions 
under which trivial equilibria, where say absent, are stable. 
Parsons gives d<e and the conditions under which trivial 


equilibria are stable, the context this paper, these are the 
conditions under which gene would not obtain foothold 
population a,. These conditions can obviously found making 


the above characteristic equation (3.3). 
The complication double reduction was ignored Parsons 
but for new mutant, not difficult include this. 
the coefficient double reduction, can shown that 
The characteristic equation from the matrix made these 
equations 
examine the situation where small, let write 
rel 
and les: 
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the terms representing deviations from the roots Now 
putting the characteristic equation, and assuming terms 
negligible gives 


and hence 


(3-9) 


introduce the new gene A>1. Now c<d, then 


3(c—d) 


3d—c 


and hence for the introduction that Aa, >a, introduce: 


3d—c 


which case possible for d<e, but increases frequency. 
Thus have situation which possible introduce gene 
even though the heterozygous Aa, genotype less viable than a,. Thus, 
heterozygote advantage itself becomes condition which appears less 
necessary for the establishment gene tetraploid population when 
double reduction taken into account, than for polymorphism 
random mating diploid population. Without double reduction d>e, but 
with double reduction can for the new gene increase 
frequency. Double reduction, meiotic phenomenon, leads 
gametes being produced which contain sister alleles derived from 
the same chromosome, double reduction leads degree 
homozygosis and this sense formally equivalent degree 
inbreeding (Parsons, With such change the breeding 
system seems that heterozygote advantage prerequisite 
establish gene longer necessary. This type conclusion will 
further substantiated the following section mixed random 
mating and selfing diploid population. 

The second latent root (3.8) will only dominant 
Following through argument similar that given for can 
shown that for small 


then for Thus this latent root will only 
relevance when there extreme heterosis, and such likely 
less important than 

derive the conditions under which gene will increase 
frequency therefore not difficult, due the various approximations 


e(3d—c) 
c—3d 
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possible. the establishment equilibrium points, such approxima- 
tions cannot usually made, except when the stability trivial 
equilibria which one more genotypes wholly absent, being 
investigated. Thus explicit algebraic solution for the ultimate 
equilibrium points often more difficult. solve the problem 
equilibria auto-tetraploids, including the complication double 
reduction, would probably need electronic computor. Only 
viabilities was possible obtain tolerably simple 
algebraic solution (Parsons, 


INTRODUCTION NEW ALLELE WHEN THERE 
MIXED SELFING AND RANDOM MATING 


Another problem which shows the effects the breeding system 
plants reproducing partly cross-fertilisation and partly selfing. 
Many plants reproduce such manner, and only recently has the 
population genetics some these species been studied any detail 
(for example, the lima bean (Allard, 1954) and the winter bean (Fyfe, 
1952)). Hayman (1953) has developed theoretical model which 
equilibrium points were evaluated assuming the homozygotes 
disadvantage. 

Let and the proportion selfing and random mating 
respectively such that Let and the frequencies 
AA, and respectively such that and let 
and their respective Under mixture random 
mating and selfing the genotypic frequencies will be: 


Genotype Frequency 

where divisor such that the total unity. and are 
the genotypic frequencies the next generation, then 


the population initially all and mutation occurred 
then and are small. Neglecting quadratic terms and and 


Be 
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Hence 
Thus 
Similarly 
Thus 


The coefficients and these two equations form matrix, 
and for the conditions that will increase the population require 
its dominant (largest) latent root 
The characteristic equation, from which may found 


put that assume complete random mating, then 
ing complete selfing, for must have 


either h>2b (4.6) 
(4.7) 


The first condition implies that the heterozygote must have 
viability over twice that the original homozygote for the success- 
ful introduction The second condition implies that the viability 
establish gene any particular problem inequality 
will the more important according whether h>2a 
selfing (4°7) likely the more important, 
implies considerable heterozygote advantage. 

The quadratic equation (4.5) for written 


2 


and has roots 


the two roots are 


and 


have 


2 


a>h/2, the dominant latent root. this case the condition 
for the new gene increase 


and this positive 


(4.8) 
The condition (4.8) can never satisfied when and 
expected, for then the viabilities are the order AA< 
and the new gene unconditional disadvantage. The 
condition always satisfied when B<o and and 
unconditional advantage. 
When small (4.8) approximately 


For «<0, this implies giving the usual heterotic overdominant 
condition. However, when possible for increase even 
though provided For example, when a=110 per 
cent. and per cent. the viability must less than per 
cent. the viability for increase. This effect, though small, 
implies that possible have situation which gene becomes 
established even when there heterozygote advantage. This 
contrast the situation when there only random mating, for 
which heterozygote advantage prerequisite for new gene 
increase frequency. 

For values near when there high proportion selfing, 
can put where small. The condition (4.8) then 


(4.9) 


When and this implies that that the 
viability the new homozygote must greater than that the 
old homozygote aa. However B<o, (4.9) may written 


(4.10) 
where and are the positive values and this case 


b>a, provided the amount cross-fertilisation, greater than 


a 
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the value specified (4.10). Thus when there mostly selfing the 

dominant condition for new gene increase that the viability 

greater than that aa. However, this condition may 

superseded the overdominant state, with superior both and 

aa, provided there enough cross-fertilisation produce appreciable 
number the heterozygotes Aa. 

When near and then becomes the dominant root. 


Fic. 1.—The range viabilities which allow for increase new allele under mixed 
random mating and selfing. 


Only viabilities falling the unhatched regions allow the new allele increase. 
and are the viabilities the genotypes AA, respectively 
ABCD the square enclosing all points for which 


(2—S) 


that this case the heterozygote must more than twice fit 
either homozygote. 

The situation when a>A/2 and the dominant root can 
Cartesian co-ordinates plane, the condition (4.8) implies that 


all points («, lying below the line give values the 


viabilities which will allow the new gene increase frequency. 

This the unhatched region the diagram, lying below the line 

and inside the square ABCD which encloses all values and 
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less than magnitude. There are three sub-regions characterised 
follows: 


advantage, 


lying along DB. Thus, the proportion selfing increases, 
the area the region (1) negative heterosis increases while the 
area the positive heterosis region (3) decreases. The region (2) 

which unconditional advantage remains unchanged. 

the frequency genes produced mutation were the same 
for all values and then the areas these three regions 
correspond the expected frequencies the three corresponding 
types situations natural populations. The area region (2) 


and that (1) that the area (3) 


8(2—s)’ 
Thus the positive heterotic area greater than the negative heterotic 
area and the ratio the two areas decreases increases 
Clearly unrealistic suppose that genes with different values 
and will produced equal frequency. for example 
majority new heterozygotes were inferior either homozygote 
situation which not unlikely the basis recent studies 
protein structure, small amount selfing might appreciably 
increase the proportion non-heterotic genes found 
population. 

unlikely that detailed examination assortative mating will 
lead conclusions differing qualitatively from the above analysis 
mixture random mating and selfing. Differing values 
the proportion selfing, will correspond differing amounts 
assortative mating. Thus, conclusion, may said that whereas 
with random mating all genes which increase must have heterozygote 
advantage, increasing amounts inbreeding allow for increasing 
number new genes which can gain hold the population without 
having any advantage the heterozygote. Heterozygote advantage 
clearly product the breeding system. 


DISCUSSION 


The initial conditions progress for newly occurring gene are 
clearly critical importance its future evolutionary history, and 
precede any conditions that may necessary for its establishment 
initial progress gene may studied with relative ease for 
number complex genetic systems and how the conditions for 
increase may sometimes fact, related the conditions for 
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stable equilibrium. Thus the classic case two allele balanced 
polymorphism random mating diploid population, for new gene 
increase frequency, the heterozygote must fitter than 
the prevailing homozygote aa, and this part the condition for 
the establishment balanced polymorphism. The viability the 
homozygote not relevant the initial progress under these 
conditions. Only when there some inbreeding this viability 
importance and then initial heterozygote advantage longer 
prerequisite for the establishment the new gene. These facts 
apply equally all the genetic systems have studied. Hetero- 
zygote advantage observed natural populations clearly 
product the breeding system. Only those genes with some hetero- 
zygote advantage over the prevailing genotype will found occur 
with any appreciable frequency predominantly outbreeding 
population, because only such genes which can increase frequency 
when first introduced into the population. 

The classical models population genetics assume that viabilities 
remain constant throughout evolutionary process. However, 
Teissier and (1937) their original studies the change 
frequency the ebony gene experimental populations Drosophila 
suggested that selective values did not remain constant. They obtained 
evidence that the fecundity ebony female was reduced less 
the presence 100 ebony females than the presence 100 normal 
females, thus providing striking evidence for the dependence the 
viability genotype population the frequencies co-existing 
genotypes. This phenomenon also well illustrated the classic 
work Dobzhansky and his co-workers the polymorphism for 
chromosome rearrangements Drosophila pseudo-obscura. Thus Levene, 
Pavlovsky and Dobzhansky (1954) showed that their results for 
experimental populations containing the three arrangements ST, 
and could not easily explained using model with constant 
viabilities. the second section this paper have suggested 
how their results could explained both environmental modifica- 
tion selective values due initial changes the relative frequencies 
the various genotypes, and selective modification the viabilities 
the later stages the experiment, allowing the establishment 
balanced polymorphism. 

Teissier (1954) has pointed out that two alleles could exist together 
stably random mating population without superiority fitness 
the heterozygote over both homozygotes, providing the hetero- 
zygote always fitter than the predominant homozygote, but not 
necessarily fitter than the minority homozygote. This result follows 
from equation (1.2). analogous negative feedback system 
ensuring the maintenance both alleles population. Clearly 
during the initial stages progress new advantageous gene there 
will little opportunity for the selective modification viabilities, 
and model assuming these constant will usually quite valid. 
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However the same validity means applies the study the 
stability the possible equilibria formed with the new gene present. 

The evidence available favour the possibility selective 
modification the heterozygote fitness during the course 
evolutionary change suggests extension Fisher’s theory the 
evolution dominance (see Fisher This 
evolution overdominance. other words the occurrence 
excess advantage heterozygote over both corresponding 
homozygotes may due evolutionary process which has had 
more opportunity favour consistently the heterozygote than either 
homozygote. This mechanism will discussed more detail 
further publication. 


SUMMARY 


The conditions for the establishment newly occurring 
gene population are discussed for three genetic systems; namely 
the introduction third allele into two allele balanced poly- 
morphism, random mating tetrasomic population with and without 
double reduction, and diploid population which there mixed 
selfing and random mating. 

outbreeding population some heterozygote advantage 
essential for new gene become established population, but 
with some inbreeding this longer pre-requisite. 

Available evidence appears favour the possibility the 
selective modification the heterozygote fitness during the course 
the establishment and spread new gene outbreeding 
population. 
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INTRODUCTION 


well known that some mutants Drosophila, such ebony (e), 
have more melanin than the wild-type. this paper data will 
presented the ability inbred and mass bred larve ebony, 
wild-type and heterozygous ebony genotypes survive foods 
containing various concentrations two melanin inhibitors, phenyl- 
thio-carbamide (P.T.C.) and silver nitrate preliminary 
discussion has been given Kroman and Parsons (1960). 

The biochemistry melanin formation Drosophila not precisely 
known, although many reactions are known relatively well (see 
review Lerner and Fitzpatrick, 
organic sulphur compound which inhibits melanin production 
combining with copper ions necessary for the action the enzyme 
tyrosinase. catalyses the conversion tyrosine dopa, 
which early reaction the sequence leading melanin 
formation. When formed, dopa also appears catalyse this reaction, 
but the remainder the reactions leading melanin formation are 
probably auto-catalytic. The inhibitory effect AgNO;, heavy 
metal compound, presumably due its interaction with the enzyme 
itself. the presence sub-lethal doses flies are bleached 
yellow-white colour (Rapoport, 1947), and are often greatly 
reduced size, but the presence sub-lethal doses P.T.C., 
the flies are phenotypically unchanged except that they are reduced 
size. 


METHOD 


Various concentrations P.T.C. and/or were mixed with standard 
corn-meal and molasses medium. Larve not more than hours old were placed 
the medium and the number adult flies emerging from given number 
larve counted for various genotypes. 

were tested, well inbred flies the same three genotypes. The inbred flies 
were produced single pair mating individuals heterozygous for for con- 
secutive generations. Hence they ought genetically very similar well 
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nearly homozygous except the region the segregating locus. table 
results are presented for various trials. Each entry represents the number adult 
flies emerging from 100 larve replicates larve). 


RESULTS FOR MASS BRED GENOTYPES 
(collected Department Genetics, Davis, California) 


Considering firstly the mass bred flies AgNO, (table 1a), 
see that per cent. AgNO, reduced the emergence all genotypes 
compared with the control. The emergence flies was reduced 
most, and least. similar trend can seen for per cent. 
AgNO,. Thus genotypes can tolerate higher concentration 
AgNO, than and turn tolerates higher concentration 
than This confirmed the emergence per cent. 
AgNO, only two flies, both high concentrations 
white phenocopy the type reported Rapoport (1947) was 
shown. This was most severe for and genotypes which are 
initially lighter colour than and presumably have less melanin. 
Thus the high concentration melanin flies may give some 
measure protection against 

P.T.C., the other hand, was most lethal flies. 
0:04 per cent. P.T.C., flies emerged, whereas and 
flies emerged from concentrations high o-12 per cent. 
Thus, the two inhibitors have opposite effects viability. 

examination the data table for 0-04 per cent. P.T.C. 
per cent. P.T.C. reveals general tendency for the total 
number flies decrease; but within this range the decrease 
almost entirely due decline the emergence flies. This 
observation suggests possible heterotic effect high concentrations 
P.T.C.; effect which can tested statistically. 

Let the percentage P.T.C. units per cent., and let 
and the observed numbers and respectively 
and A’, S(txa) and 


may then calculate 


which tests the significance the linear trend that decreases 
more than with increasing P.T.C. concentration (Holt, 
the genotypes +-+ and and the concentrations P.T.C. 
This came Subtracting the for the linear 
trend leaves for heterogeneity, which not 
significant. Hence have evidence for heterosis becoming more 
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marked the P.T.C. concentration increases. Thus there change 
dominance according the P.T.C. concentration. 0-04 per 
cent. P.T.C., emergence appears correlated with the degree 


TABLE 


Number adult flies emerging from larve for various concentrations 
AgNO, and P.T.C. 


Mass bred Inbred 
Per cent. 
AgNO; 
(6) 
Per Mass bred Inbred 
(c) P.T.C.—Additional results collected later date 
| 
0°13, 0°14, | eee 


melanisation the flies, but per cent. P.T.C., there 
such correlation, and another system involving heterosis appears 
demonstrated. 
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table are data collected from flies raised later date 
different food batch which not show heterosis. Since the level 
these experiments ranged from per cent. 
this not surprising. These data also show that inferences, must 
made results collected from the same batch food, valid. 


INBRED. FLIES 


per cent. more inbred flies survived than mass 
bred flies. This increase survival compared with the mass bred 
flies probably due the inbreeding system used, which was the 
single pair mating individuals heterozygous for each generation. 
not much darker than may supposed that there 
would tendency for the darkest flies selected 
sure that they were Such selection did fact take place 
the and genotypes extracted the 17th generation 
inbreeding were visibly darker than the corresponding mass bred 
genotypes. the mass bred flies, there was correlation between 
melanin content and ability emerge, and this relation occurs 
the inbred flies assumed that selection has favoured more 
extreme melanisation. there substantial background 
modifiers which selection has acted. 

Since selection for increased melanisation has occurred, would 
expect fewer flies survive P.T.C., which was most toxic the 
mass bred flies. Table shows that few flies emerged 0-03 per 
cent. and none 0-04 per cent. There was 
significant advantage the and genotypes over 
occurred the mass bred stocks. Presumably this because the 
melanin content the and genotypes has been increased 
sufficiently for the lethal dose P.T.C. become almost equivalent 
for all genotypes. Similarly, the inbred flies AgNO, did not 
show such marked gradation from the mass bred flies. 

These results therefore show that the two chemicals AgNO, and 
P.T.C. inhibit development some stage, and that the inhibition 
related the degree melanisation the flies, which turn 
controlled major gene and background modifiers which 
selection acted. 


AND AgNO, MIXED THE MEDIUM 


Since AgNO, was most lethal and P.T.C. 
might expected that mixtures the two chemicals the medium 
would favour the survival heterozygotes higher concentrations 
than the homozygotes. table the results several such tests 
are 

Emergence 0-30 per cent. AgNO, was higher than 
per cent. the cultures with 0-30 per cent. AgNO; 
were made later than those with the lower concentrations 


V 
Cc 
a 
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likely that some slight change the procedure used making 
the medium, such the temperature which was heated, 
the length time was cooked, might account for the difference. 
Perhaps the temperature which P.T.C. and AgNO, are added 
may important. mixing solutions P.T.C. and AgNO, 
insoluble black precipitate formed. This reaction may not 
proceed completion the medium. For levels AgNO, excluding 
0-30 per cent. emergence decreased with increasing AgNO, 


TABLE 
AgNO, and P.T.C. mixed the medium 


Number adult flies emerging from roo larve for various concentrations 
and P.T.C. 


Per cent. Mass bred Inbred 


emerged here the data are not reported. 


emerged here, but the deficiency genotypes great the data are valid. 
These cultures were set after the rest, using another batch medium. This may 
account for the large numbers flies which emerged. 


concentration. Similarly all levels AgNO,, emergence decreased 
with increasing P.T.C. concentration. 

commenced with the hypothesis that the heterozygote would 
favoured when P.T.C. and AgNO, were mixed the medium. 
However, several cases there was negative heterosis. 0-30 per 
cent. AgNO,, this occurred for both the mass bred and inbred flies. 
Similarly, there negative heterosis the inbred flies for 
and per cent. AgNO, mixed with per cent. P.T.C. Two 
concentrations gave slight but insignificant positive heterosis, namely: 
the mass bred flies 0-20 per cent. AgNO, and per cent. P.T.C., 
and the inbred flies 0-20 per cent. AgNO, and 0-03 per cent. 
P.T.C. More data are needed prove whether both positive and 
negative heterosis are possible. occurrence negative heterosis 
indicates that the two inhibitors can complementary their action 
the heterozygote that its viability depressed most. 


| | | 
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RESULTS WITH DIFFERENT ALLELE 


Results were collected for AgNO, and P.T.C. oatmeal 
treacle medium the Department Genetics, University Cam- 
bridge, using Oregon stock obtained from the Department 
Genetics, University Birmingham, and different ebony allele 
from the one studied previously. table percentage emergence 
after correcting for the control given. The total emergence 
genotype for each treatment was divided its emergence the 
control medium and multiplied 100. Correction for the control 
was necessary the Cambridge medium and emergence 
the control medium was often worse than that the wild type 


heterozygous genotypes. 
TABLE 


Number adult flies emerging from 100 larve for various concentrations AgNO, and 
using Cambridge and Davis stocks. (The data were collected Cambridge.) 


Cambridge Davis 

Control 100 100 100 100 100 

0:03 per cent. P.T.C. 100 


P.T.C. affected the Davis stocks rather more severely than the 
Cambridge stocks, and the converse was true for The P.T.C. 
effect was clear, for both and stocks were inhibited P.T.C. 
much lower concentrations than the wild type and heterozygous 
genotypes. The AgNO, effect was less obvious than the P.T.C. effect. 
per cent. AgNO, both ebony genotypes were slight 
advantage. Generally, other tests, ebony genotypes have shown 
slightly higher emergence than but the difference has not been 


marked the results presented table food batch effect 
may account for the relative uncertainty the AgNO, effect the 
Cambridge food. For example, the Cambridge food, but not the 
Davis food, flies emerged 0-40 per cent. 
not surprising that there difference between the stocks 
since section the existence modifiers melanin production 
and hence tolerance the inhibitors, was demonstrated. is, 
however, reassuring that the stocks inhibited most P.T.C. did best 
which the result obtained when selecting darker hetero- 
zygotes. view this agreement, seems that are dealing with 


minor differences melanin production between the stocks. 


ith 
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COMPETITION EXPERIMENTS 


(i) Method 


Experiments were done two levels competition with the 
allele using 0-25 per cent. AgNO, per cent. P.T.C. the 
medium together with controls normal medium. The two levels 
competition were and 100 larve per vial with about gm. 
medium. Eight replicates larve and replicates 100 larve 
were made up, making total 200 larve per treatment. 
emergence, the flies were counted daily obtain frequency distribu- 
tions emergence. 


(ii) Results 


table the total number flies that emerged from 200 larve 
given with the mean and variance the number days taken 
emerge. 

P.T.C., expected, emergence was inhibited most. However 
significantly fewer flies emerged the low level competition 
(25 larve per replicate) than the high level (100 larve per replicate). 
Perhaps the high level, flies tend detoxify the medium, allowing 
more flies survive. The different levels competition did not 
affect and flies significantly. 

the low level, more flies than emerged. 
This contrary the results presented far, but when the larve 
that pupated but did not emerge were taken into account, the number 
+-+ and flies emerging was about equal, which agrees reason- 
ably with other data the Cambridge food. the high level, 
fewer flies all genotypes emerged, probably because competition. 
There was little difference between genotypes the flies 
emerging. 

the control medium, the high level retarded emergence 
about day, 0-04 per cent. P.T.C. about day except for the 
genotype, and 0-25 per cent. AgNO, emergence was retarded 
days, all the differences between the two levels competition 
being significant except 0-04 per cent. P.T.C. 

the low level flies emerged day later than 
and +e, but the high level this was reversed, that flies 
took longer emerge than taken emerge component 
fitness, which likely, flies the high level competition 
AgNO, are some respects fitter than flies. This emphasises 
the difficulty using the ability larve emerge adults 
the sole criterion fitness, the fitness population made 
many more components than this. 

Few conclusions can drawn from the variances emergence 
time the controls, since flies were counted daily intervals, and 
most cases all emerged period days. The variances 
for the flies grown treated food are more informative. all cases 


is- 
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TABLE 
Means and variances emergence time two levels competition 


(a) Means and variances, with total numbers flies which emerged from total 200 
larve replicates larve, and replicates 100) 


Control per cent. per cent. AgNO, 


Genotype Larve per replicate 


mean 
variance 


total 
mean 
variance 


total 
mean 
variance 


brackets are the numbers which did not emerge. 
Variance ratios for high level/low level 


Control per cent. per cent. 


2°39 


(c) Data rearranged tables test for 
genotype environmental interactions 


Control per cent. 0-25 per cent. AgNO, 


163 
ee 93 


X1 on 
table 


185 155 178 163 (3)* (38) 
7°46 7°89 7°75 8-05 
185 168 146 139 (10) (34) 
| 


MELANIN INHIBITORS AND EBONY DROSOPHILA 309 


except the higher level competition spread the 
distribution emergence, increasing the variances. The increase 
was greatest for and least for flies (table AgNO, 
the high level, the variance was least for and greatest for 
and +-+, which agrees with earlier unpublished analysis with 
the allele. P.T.C., the high level, the variance was greatest 
for and least for which the reverse the order magnitude 
Thus, this level competition, the genotype, which, 
the basis most observations, most severely affected treat- 
ment, exhibited the greatest variability emergence time. This 
reasonable, since may supposed that large variance would 
manifestation the severe stress which genotype subjected. 

the low level competition the variances are probably less 
meaningful, there was sufficient food make competition negligible. 
P.T.C., gave the smallest and the largest variance was 
the high level. correspondence between the two 
levels occurred, since the low level, showed the greatest variance 
and the least. the low level, however, showed poorest 
emergence, which agrees with conclusion drawn from the high level 
P.T.C., where was noted that the variances increased emergence 
decreased. Once again, therefore, the genotype most severely affected 
treatment gave the greatest variance. Taking into account 
pupal mortality, emergence all genotypes was almost equivalent 
the low level. Even so, the large number pupe which did 
not emerge, demonstrates the severe environmental stress involved. 

Between the low and high levels AgNO, there was significant 
genotype interaction. Rearranging the data 
table demonstrates this. values the tables formed 
the two levels competition and the two genotypes and 
are given. For 5:77 The significance 
this due the relatively poor emergence flies the low 
level. P.T.C., the interaction more striking P<o-or). 
discussed already the emergence flies was greater the high 
level than the low level. general, may expected that 
genotype Xenvironmental interactions will greatest when 
organism under severe stress, the genotypes will very sensitive 
small changes environment, such the change the level 
competition from 100 larve per replicate. 

One further competition experiment was done 0-04 per cent. 
P.T.C. Genotypes +-++ and were mixed various proportions, 
Four replicates 100 larve were counted for each proportion 
treated and untreated food, and emergence adults recorded (table 5). 

0-04 per cent. P.T.C., flies emerged only from cultures 
consisting all larve and from ee. higher con- 
centrations flies emerged, showing that the level 
competition had increased prevent any flies emerging. 
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Thus emergence dependent the proportion the co-existing 
genotypes. Emergence flies was high 0-04 per cent. 
although somewhat lower than the control, but significant 


TABLE 


Emergence per cent. P.T.C. for larve replicates 100) and 
genotypes mixed different proportions 


Control 378 278 201 162 285 352 


difference between the levels competition occurred. The flies 
from +-+ emerged about days after the flies had 
all emerged. 


DISCUSSION 


The results given this paper deal with biochemical stresses 
applied feeding ebony and wild type larve with the two inhibitors 
AgNO, and P.T.C. 0-04 per cent. P.T.C. using the Davis food 
recipe, larve did not emerge, whereas per cent. 
P.T.C. few +-+ and larve emerged. Wolsky and Kalicki 
(1959) have shown that ebony larve have about one-half the tyrosinase 
content wild type larve. P.T.C. tyrosinase inhibitor, 
seems reasonable that should more lethal ebony than wild 
type flies. There was such striking difference between the effects 
AgNO, the three genotypes, although ebony flies generally 
survived better AgNO, than the wild type. assumed that 
melanin pigment counteracts the lethal effect ions, i.e. acts 
detoxification agent, then the more melanin that produced, the 
greater the concentration AgNO, that can tolerated. 

The lines which dark flies were selected show that the 
relevant factor melanin synthesis. expected, the flies produced 
selection were more resistant AgNO, and less resistant P.T.C. 
than before selection. Presumably, selection has acted back- 
ground modifiers affecting melanin synthesis. The difference 
between the reaction and stocks both inhibitors became 
negligible after selection, that dominance and recessivity relation 
tolerance the inhibitors were changed the selection 
appropriate modifiers. Furthermore, the Cambridge and Davis wild 


all 
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type and ebony stocks differed slightly their ability tolerate 
the inhibitors, presumably because these stocks differ the modifiers 
they possess. 


That possible find modifiers that affect specific bio- 
chemical pathway considerable interest, since offers better 
hope finding out their exact action than likely for modifiers 
the quantitative traits more commonly used Drosophila, such 
fertility, wing length, etc. There the possibility that the exact 
biochemical action the modifiers may determinable. may 
suppose that they alter enzyme production, utilisation, increase 

decrease the concentration substrate, they may have some 

other function. Nolte (1959) demonstrated the existence modifiers 

the determination red and brown eye pigments Drosophila. 
This may another relatively simple biochemical pathway amenable 
more exact analysis. 

The negative heterosis observed when the two inhibitors were 
mixed the medium might evolutionary interest. suitable 
adjustment the medium, both and +-+ could co-exist but 
would virtually unable exchange genes share the same gene 
pool. Conditions are therefore created which the and 
genotypes might diverge, either the development polymorphic 

system, the production isolation barrier. 
Exposing population flies segregating the ebony locus 
heterogeneous environment consisting food with P.T.C. and 


AgNO, separately would provide system disruptive selection. 
Mather (1955) regards disruptive selection within population 
resulting from heterogeneous environmental conditions contributing 
at. genetic diversity outbreeding species, and suggests that the 
outcome may polymorphism. (1958) and Thoday 
and Boam (1959) presented evidence Drosophila melanogaster where 
disruptive selection, without isolation, lead polymorphism for 
sterno-pleural cheta-number. Mather (1955) argues that under 
cts some circumstances might possible from polymorphism 
lly genetic isolation the groups and hence speciation. the situation 
under discussion, this may expecting too much. However, well 
the major gene ebony, modifiers melanin formations have been 
which would essential for disruptive selection 
effective. 
Section deals with competition experiments critical concen- 
trations the two inhibitors. Increasing the level competition 
from 100 larve per vial increased the time taken emerge 
ck- adults and the variance this time. untreated food, 100 larve 
per vial not high level competition that there was almost 
effect. the food with critical concentrations inhibitor, the 
situation was radically altered, for the minor change competition 
had major effects the number flies emerging and the time they 
ild took emerge, both which are, some way, components fitness. 


| 


Considering total emergence, large genotype environmental inter- 
action between the two competition the inhibitors. 
This shows clearly the variability this component fitness under 
conditions severe stress. Fitness most the experiments 
has been measured the number adults emerging from 
number larve, but this not necessarily true measure 
under selection, which mean the ability species 
survive and reproduce over long period time (Thoday, 1953). 
the present study, account has been taken the viability and 
fertility the adults and their mating ability. the high level 
competition emergence was almost equivalent for all 
genotypes, but because the flies emerged somewhat more rapidly 
than the flies, they could, using the speed emergence 
criterion fitness, regarded fitter than the flies. total 
emergence were the sole criterion fitness, then the genotypes could 
regarded equally fit. these critical levels the inhibitors, 
the importance various components fitness becomes apparent. 
For example, situation which food was abundant, then total 
emergence would probably more importance the species 
than situation which the food supply was critical 
eliminate weaker types and generally retard the rate development. 
this latter situation, the rate emergence would assume much 
more importance. Under conditions severe stress, seems that 
correlations between the various components fitness will lower 
than under conditions low stress. judge genotype fitter 
than another the basis one criterion rather dangerous, for 
other criteria may not necessarily closely correlated. 

natural population, the fitness genotype usually depends 
the nature and proportion the co-existing genotypes (Lewontin, 
1955; Parsons, 1959). The experiments with P.T.C., which 
and were mixed varying proportions, were attempt 
collect data this aspect fitness. Ebony flies only emerged when 
competition from was low, showing difference the fitness 
according the proportion co-existing genotypes. the 
control medium, such variability was detectable for either geno- 
type, and 0-04 per cent. P.T.C., the flies which were hardly 
affected the inhibitor showed significant variation. The 
genotypes which are under severe stress therefore show variability 
according the proportion competing genotypes. 

These experiments therefore demonstrate quite forcibly some 
the variables which may affect fitness, and emphasise that the fitness 
genotype made all the components leading its survival 
and its capacity reproduce over long period time. Further- 
more, studying organisms under severe stress enables 
inferences fitness, for minor changes environment, such 
slight alteration competition, the proportion co-existing 
genotypes, can have major effect some, but not necessarily all 


appreciable effect. 

SUMMARY 

The emergence ability ebony, wild type and heterozygous 

ebony newly hatched larve two melanin inhibitors, silver nitrate 

(AgNO,) and phenyl-thio-carbamide (P.T.C.) has been studied. 

P.T.C. was more lethal ebony and AgNO, wild type. mixture 

the two inhibitors occasionally gave severe negative heterosis 

suggesting the possibility the creation polymorphism. 

Modifiers affecting melanin production were demonstrated. 

After selection for increased melanisation, the emergence the flies 

the inhibitors was compatible with the hypothesis that modifiers 

had caused quantitative variations the biochemical synthesis 

melanin. Differences between two wild type stocks and two ebony 

stocks were suggested due modifiers. 

The distribution emergence time was studied for two levels 

competition (25 and 100 larve per replicate respectively). Between 

levels competition, significant genotype inter- 

actions were found. The mean emergence time the two inhibitors 

was longer than the controls, and the high level competition 

longer than the low level. Similarly, the variances emergence 

time were greatest the high level. Genotypes under the severe 

stress caused the inhibitors therefore usually exhibited large 

variance time, and often substantial genotype environ- 

mental interactions. Furthermore, was shown that the proportion 

and nature the co-existing genotypes affect emergence these 

critical levels stress. The implications some these findings, 

and their bearing the concept fitness are discussed. 
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THE INHERITANCE DORMANCY INTER- AND 
INTRASPECIFIC HYBRIDS PAPAVER 


Department Agriculture, University Oxford 
Received 


seeds weeds are often characterised marked dormancy 
which enables the species persist through unfavourable seasons 
cultivations (Harper, 1957). Earlier investigators, notably Brenchley 
and Warington (1930) have commented upon the dormancy found 
seeds Papaver species which commonly exhibit periodic germina- 
tion the field and under greenhouse conditions. This paper reports 
observations the dormancy five species Papaver and hybrids 
between them. 
MATERIAL AND METHODS 


Seed Papaver rheas, dubium, and argemone was collected from 
plants growing arable fields and waste places near Oxford. Seed 
the garden variety Shirley was bought from local seedsman. apulum, 
Mediterranean species, was obtained from the Botanic Garden, Cambridge and was 
included these experiments because previous experiments had shown that was 
capable forming hybrids with argemone. 

Plants the above species were raised from seed maturity cool greenhouse 
1956 and inter- and intraspecific crosses were made opening buds, removing 
the anthers with fine forceps and applying pollen from one parent the stigmatic 
disc another with camel hair brush. Glassine bags were applied the flowers 
prevent contamination from other pollen. Seed from the artificial crosses was 
collected soon the capsules started dehisce and was used for comparison 
the germination behaviour species and hybrids. each comparison between 
species and hybrids, seed samples were used which had matured under the same 
conditions and had been collected the same time within two three days 
each other. 

All germination tests, except where otherwise stated, were made filter pads 
moistened with distilled water and maintained 15° the dark. Three 
separate samples 100 seeds were examined from each species hybrid 
comparison. seed was considered have germinated when the radicle had 
emerged from the seed coat and root hairs had developed. 

was found that after three weeks from moistening further germination 
was obtained from seed samples under the conditions these tests. All results are 
therefore expressed the mean percentage germination obtained after three weeks. 


EXPERIMENTAL RESULTS 
Seed was obtained from the following attempted hybridisations: 
Papaver rheas (wild type) rheas (Shirley) and reciprocal cross; 
rheas (wild type) dubium and reciprocal cross; 
dubium the reciprocal cross and back crosses from 
parental species; 
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argemone apulum (not the reciprocal cross) 
rheas (but insufficient seed was obtained for properly 
replicated germination tests made). 


The results from germination tests made the seed species 
and hybrids are presented table 


TABLE 


The percentage germination seed Papaver species and hybrids 
darkness 15° (total after weeks) 


Percentage 


Pollen parent germination 


Seed parent 


(a) 
rheas (Shirley) 


rheas (Shirley) 


rheas (wild type) rheas (wild type) 


rheas (wild type) rheas (Shirley) 


rheas (wild type) 


(c) dubium 


rheas (wild type) dubium 


(b) dubium dubium 


(hybridisation and germination tests 1956 


dubium 


(hybridisation and germination tests 


1957) 


seed wild type germinated any tests. This not 


surprising view the fact that the tests were performed constant 
temperature whereas Brenchley and Warington (1930) and McNaughton 
(1960) have shown that alternating temperatures are needed 


break the dormancy this species. contrast the cultivated garden 
form rheas, var. Shirley, gave high percentage germination 
most which occurred within two days moistening the seed. The 
frequency dormant seeds was different the reciprocal hybrids 
between Shirley and wild type rheas, being higher when the wild 
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type was the seed parent: this result indicates that there pre- 
dominance maternal control over dormancy. clear, however, 
that part the control dormancy not maternal, for seed borne 
rheas (wild type) showed different percentage germination 
depending the pollen parent used. The differences dormancy 
shown the two parental varieties rheas must therefore under 
dual control, partly maternal (or endospermic)—partly embryonic. 

Two closely related smooth-capsuled poppies dubium and 
have predominantly dormant seed and seed the interspecific 
hybrid retained this dormancy dubium was the seed parent; 
however, when was used seed parent only seeds 300 
failed germinate the tests (table reciprocal hybrids 
between these two species were produced again 1957 and the 
difference their dormancy confirmed (table 1c). The difference 
between percentage germination the reciprocal crosses indicates 
maternal control dormancy but the seed borne 
differed dormancy according the pollen parent used, there 
clearly degree embryonic control dormancy. 

The differences between the germination the reciprocal hybrids 
between dubium and are especially interesting because 
there was detectable difference between the dormancy the 
parent species—yet the difference dormancy the reciprocal 
hybrids suggests that the mechanisms which dormancy controlled 
are not the same the two parent species. 

hybrids between dubium and lecogii were vigorous but 
showed much reduced fertility (McNaughton and Harper, 
Nevertheless was possible obtain some seed from backcrosses 
hybrids the parent species. The germination back-cross 
seed shown table The maternal parent played overwhelming 
role determining seed dormancy. 

The two species poppy most commonly cohabiting arable 
land Britain are dubium and rheas. Hybrid seed was readily 
obtained pollen transfer between emasculated flowers these 
species. the previous examples, the characteristic dormancy 
seed the parent species was absent from the hybrid seed, but the 
breakage dormancy was incomplete and occurred only when 
dubium was the seed parent (table 1e). There was again evidence 
both maternal (or endospermic) and embryonic control dormancy. 

The only successful cross-pollination involving the bristly capsuled 
species Papaver, argemone and apulum, was obtained using 
argemone the seed parent. Only per cent. the seed 
argemone germinated the tests, contrast with per cent. from 
the hybrid (table 

DISCUSSION 

The genetics seed dormancy has received little study. Schwanitz 
(1957) comments that cultivated plants commonly lack dormancy 
although the wild relatives frequently have dormant seed. Presumably 
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dormancy lost consequence unconscious selection man 
during the course plant improvement because those seeds which 
not germinate soon after sowing tend ignored. The absence 
seed dormancy the Shirley poppy contrast the strongly 
developed dormancy rheas (wild type) example such 
difference between the wild type and the cultivated forms species. 

Barber and Quisenberry (1923) showed that crosses between 
Avenua fatua which has dormant grains, and sativa which normally 
lacks seed dormancy, gave progeny lacking They con- 
cluded that dormancy was determined recessive factor. 

Honing (1930) found that the need for light promote germina- 
tobacco was dominant character and indifference light 
was recessive. crosses always resulted light sensitive 
progenies and was concluded therefore that the site light action 
lay the embryos rather than the seed coat. Honing found, 
however, that could distinguish slight differences the light 
requirement reciprocal crosses between light requiring and light 
indifferent stocks—the seed parent having the greater influence 
determining the character the progeny. 

Darlington and Janaki-Ammal (1945) showed that the presence 
whether seeds germinated spontaneously were delayed. 

part the control germination the species Papaver 
examined clearly extra-embryonic and maternal for the reciprocal 
hybrids between species (and within species the case rheas) 
differ percentage dormancy. the maternal influence 
does not enforce maternal character the hybrid seed but rather 
modifies its behaviour. That the control dormancy partly under 
direct embryonic control demonstrated the difference dormancy 
shown hybrid and non-hybrid seed borne the same seed parent. 
most the crosses reported above, the germination behaviour 
hybrid seed cannot explained simply the result additive 
maternal and genetic effects but requires explanation terms 
the interaction between maternal and direct genetic influences. The 
fact that seeds two species may show dormancy but that the seed 
the interspecific hybrids lacks dormancy suggests that the physiologic 
ind genetic mechanisms for determination dormancy the parent 
species are different and neither complementary nor supplementary. 

Seed dormancy may survival value species because 
maintains reserve ungerminated seed which survives hazards 
which seedling adult plants are subject. The hazards may 
regular and rhythmic occurrence like the winter killing autumn 
germinating seedlings. Such mortality risk reduced the 
possession seed dormancy which broken specific stimulus 
which indicates that the dangerous season over. Species which 
require long days experience cold-ripening process for breakage 
seed dormancy possess such adaptation. contrast, the mortality 
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risks may irregular operation, such the occasional killing 
frost late spring, epidemic diseases any the unpredictable 
catastrophes which affect the chance survival whole populations 
plants. The most effective dormancy mechanism which protects 
species against such unpredictable catastrophes irregular 
spasmodic breakage dormancy among the seed population. 

There some evidence that the dormancy Papaver spp. may 
part specifically triggered seasonal stimulus and partly 
irregular. Papaver rheas and dubium may stimulated germinate 
treatment with alternating temperatures, the most effective alter- 
nation being diurnal alternation 10° and 30° (McNaughton, 
thesis, alternation temperature this magnitude 
commonly occurs the surface layers soil late March and early 
April central and southern England. Thus the most effective 
stimulus germination provided after the major winter dangers 
are passed. However, have been unable obtain full germination 
from seed sample any one time under the conditions which 
have found most successful breaking dormancy. Always pro- 
portion, variable proportion, the seeds fails germinate under 
any given treatment and usually small proportion the seeds 
germinate readily without any special treatment. appears that the 
dormancy mechanisms these species Papaver are such that the 
dormancy most seeds broken time when most the winter 
hazards are over, but some the seeds have different requirements 
and are therefore capable maintaining the species through less 
regularly occurring catastrophes than winter. 

The ecologic, genetic and evolutionary importance the loss 
dormancy hybrids was shown simple experiment which 
hybrids between Papaver species were sown rows field near 
Oxford alongside the parents autumn. The hybrid seed germinated 
spontaneously autumn and the seedlings were all killed winter 
frosts. contrast the majority the seedlings the parent species 
did not emerge until the spring when they established successfully, 
flowered and set seed. 


SUMMARY 


Hybrids between Papaver species commonly lack seed dormancy 
which usually pronounced the parent species. 

Cultivated varieties Papaver also show reduced dormancy 
found other genera. 

Differences the proportion dormant seed from reciprocal 
hybrids indicate maternal predominance determining seed 
dormancy. 

Differences dormancy between hybrid and species seed 
borne the same seed parent indicate, however, direct embryonic 
determination dormancy. ‘There evidence interaction 
between extra-embryonic and embryonic control dormancy. 
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The absence dormancy the seed interspecific hybrids 
permits the seed germinate the field autumn. Hybrid seedlings 
are thus commonly destroyed winter frosts. 


are grateful The Nature Conservancy for financial 
assistance towards study the comparative biology Papaver species which 
the studies reported this paper form part. 
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HETEROZYGOTE SUPERIORITY, SELECTION INTENSITY 
AND PLATEAUING 


VAN DER VEEN 
Department Genetics, Agricultural University, Wageningen, 
The Netherlands 


Received 
When selecting for metric character population where the best 
genotype conceivable homozygote, the theoretical limit selective 
advance will generally not reached, owing chance fixation undesirable 
alleles and genetic homeostasis (inertia). The latter implies that other 
characters such viability and fertility are affected via linkage pleiotropy, 
that the release variability from residual blocks closely linked plus 
minus genes very slow. Operationally these chromosome segments 
behave single units transmission, and the plus genes are prepond- 
sis, erantly dominant, then the heterozygote (e.g. inversion heterozygote) 
heterotic the direction selection and acts towards conservation 
genetic variability. Both this kind overdominance and some types 
ers non-allelic interaction have been invoked explaining heterosis. With 
these points mind, the type population considered here one 
ely which certain heterozyg otes are preferred any homozygote arising 
from the gene pool other than negligible quantities. 


For the sake simplicity will assumed that (1) environmental 
variation absent, (2) after mass selection random mating practised, 

(3) random drift can neglected, and (4) selection forces are acting 

but the one intentionally applied the metric character, which implies 

that suspension selection will not result change gene frequencies. 
With mass selection the population defined above, the limit selective 
advance gene frequencies which maximize the population mean. 

However, whether this maximum actually attained depends—given the 

same assumptions above—on selection intensity, the fraction 

the population permitted reproduce itself. fact, the plateau ultimately 

reached direct function selection intensity, and may diverge con- 

siderably from the maximum attainable. seems that little attention 
has been paid this type artificially induced plateauing. The following 
paragraphs present detailed analysis the phenomenon for one allelic 
pair. 

Let the relative frequency the plus allele and let 
Then random mating the relative frequencies AA, Aa, and aa, are 
2pq and respectively. The genotypic values can denoted 
and m—d, respectively. our model h>d since Aa>AA 
The population mean which for h>d has its 
increase the mean. passing may noted that the additive 
variance, which the part the genotypic variance explained regression 
gene dosage, which becomes zero 
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the same time heritability the narrow sense becomes zero, since its 
numerator the additive variance. 

breeding programmes and selection experiments, selection intensity 
(v) often more less constant over successive cycles. 
the preferred individuals are supplemented AA, and 
even individuals. Any change brings about change the 
relative frequencies the genotypes. therefore futile describe response 
artificial selection constant parameters for relative selective advantage. 

Now can shown (Appendix that mass selection followed 
random mating among the selected individuals leads stable equilibrium 
than p,,, the ultimate plateau will fall short the maximum population 
mean. For example, for h/d and the maximum will 
approached closer relaxed selection than intense selection 
first sight may seem even more paradoxical that the 
disadvantage intense selection weakened environmental variation, 
which causes discrepancy between the best genotypes and the best 
phenotypes. Assuming, before, absence environmental variation, 
will found (Appendix II) that for maximum progress per cycle 
achieved with This amounts complete selection against 
aa. 

would interesting explore other systems selection. When 
choosing for further breeding the progeny parents individually selected 
after random mating, the same equilibrium conditions above will 
obtained (proof not given here). judging the breeding value parent 
the basis its offspring from random mating, can easily verified 
that the case h>d the conclusion will that better than Aa, 
and better than when and the reverse the case when 
This will lead certain oscillation patterns again dependent 

Even when more elegant algebraic methods are found, this type 
problem requires good deal inductive reasoning. models with 
more loci empirical approach means computors may become 
necessary. Considering two unlinked loci, the relation AaBb better than 
AABB, and AABB better than other requires non-allelic 
interaction and cannot mimicked overdominance. Here equilibrium 
exists the diheterozygote frequency see Appendix III. 
tentatively suggested that starting from any distribution genotypes the 
following stable equilibria will reached. All genotypes AABB for 
all selected parents AaBb for v<}; and for 

conclusion may argued that especially populations higher 
breeding levels one should prepared meet the above-mentioned type 
induced plateauing, since certain loci and gene blocks connected with 
heterozygote superiority resist fixation and thus represent increasing 
part the total genotypic variation. 


Appendix 


selecting fraction the best genotypes from one locus population 
after random mating, three relations can 
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the following, one needs consider only the case From 
implies Furthermore, has been excluded, since after 


has been excluded. One can now distinguish three cases. 
The direct conclusion that the cases (a) and moves monotonically 
moves monotonically towards during which process one obtains 
the equilibrium condition. 
which for ultimately leads relation 2”, and for v<} 
Appendix 
la, Let the value maximizing the population mean, and let 
Then maximum progress per selection cycle obtained relation 
“relation for the largest value which also 
ith maximum progress not achieved, for (Appendix I). 
slic 
Appendix 
for takes out AaBb and AABB individuals only, can similarly calculated 
for AaBb>AABB>“ all other that exists 
ype loci has not been assumed. general, the case unlinked loci, one 
} 
tion 
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HETEROSIS AND QUANTITATIVE INHERITANCE 


HAYMAN 
Applied Mathematics Laboratory, Private Bag, 
Christchurch, New Zealand 
Received 


Four common explanations heterosis are overdominance, the accumu- 
lation favourable dominants, interaction between non-allelic genes and 
heterozygosity per se. These are not mutually exclusive and most geneticists 
support more than one them (Grafius, 1959). Watkin Williams (1959) 
has added fifth this list, the somatic multiplication additively-con- 
trolled component sub-characters, and the same time has criticised the 
explanation gene interaction. 

justified, Williams’ explanation should satisfy two criteria. 
more useful than any the previous Does show that 


TABLE 
Components fruit yield 
fruit number fruit weight Yield 


interpret hybrid vigour terms only gene interaction basic 
misconception which has contributed greatly the present confused state 
the subject (Williams, 1959, This note disputes Williams’ 
answer the second question and endeavours clarify his misconceptions 
about gene interaction and other genetical concepts such additivity and 
independence. 

Williams, simple example, shows that heterosis the fruit yield 
the tomato may the consequence multiplying the additively-controlled 
components, fruit weight and fruit number, table Parent has 
the greater fruit number, parent the greater fruit weight and their hybrid 
lies halfway between them for each these two characters. However, 
yield, which the product fruit weight and fruit number, the hybrid 
superior both parents. 

One genetical explanation this heterosis express fruit yield 
the additive combination fruit weight and fruit number together with 
additive interaction between these components—the third 
explanation above. 

simpler genetical explanation terms logarithmic values 
table this scale the two components combine additively but 
their individual control parent partially dominant 
for log fruit number and parent partially dominant for log fruit weight. 
Heterosis here arises from the accumulation favourable dominants 
the hybrid—the second explanation above. 
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Both Williams’, and our two genetical, explanations are feasible but 
consider that the accumulation favourable dominants probably the 
most long history breeding methods has been based this 
hypothesis. Indeed, since the distinction between this and Williams’ 
explanation resides set log tables the introduction his more 
complex explanation seems unnecessary. 

However, even Williams’ explanation should prove the more useful 
would not justify the nature his attack the gene interaction hypo- 
thesis excuse his confusion about gene action. Our first contention 
that purely genetical explanation these tomato yields possible. The 
second that such genetical explanation must involve non-additivity 
gene interaction, either allelic (dominance) non-allelic (epistasis). 
Yet 528, Williams (1959) states The genes gene products con- 
trolling average weight and number fruit need not and probably not 
interact the sense that enzyme and precursor might interact 
synthesis. Complex characters such yield can based units the 


TABLE 
Components log fruit yield 


Component Component Yield 
fruit number fruit weight 


genetic system which act completely independently one another. Inter- 
action occurs higher level organisation, among the components 
the phenotype,” and 529, now seems doubtful whether inter- 
pretation based exclusively genetic considerations was entirely justified. 
essentially additive genetic system conditions multiplicative 
somatic basis yield, which, when analysed simple character, leads 
erroneously non-additive genetic interpretation,” and 530, 
distinction, therefore, has made between gene interaction and 
the interrelation the component parts the phenotype. Phenotypic 
characters may multiplicative and may consequently show mutually 
dependent relationship while the gene system strictly additive and its 
units are strictly independent function.” 

These quotations seem suggest that genes act and interact only 
below certain level somatic organisation and that above this level 
action and interaction are somatic. Instead describing the genetics 
phenotypic character would have describe the genetics plus the 
the character. For tomato yield Williams places the 
dividing level between genetics and somatics the components, fruit 
weight and fruit number. our first quotation the dividing level right 
down the cell. This wide range dividing level emphasises its arbitrari- 
ness. seems immaterial whether interaction between gene products 
occurs the enzyme level, the cell level the level gross phenotypic 
characters. The evidence for the control log fruit yield two independent 
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partially dominant genetic systems does not reside solely observations 
fruit weight and fruit number would apparent log fruit yield 
alone after few generations breeding and would equally valid 
and useful even the combination component systems took place 
the cell enzyme level. Williams determined explain heterosis 
non-genetically that where persists, has found for the yield com- 
ponent some tomato crosses, considers that the 
components may product sub-units. may, but theory which 
explains everything this manner explains very little. restore precision 
the concepts gene action and interaction can hardly better than 
ignore somatics and return genetics alone. 

The genetics character, whether enzyme fruit yield, 
determined comparisons the character within breeding experiment. 
Gene control character inferred from change associated with gene 
substitution. Interactive gene control inferred when the change 
character associated with gene substitution one locus depends the 
genetic state another locus. these criteria Williams’ tomato fruit 
yield controlled partly additively and partly epistatically, the exact 
nature the epistasis being specified our fourth paragraph. Log fruit 
yield controlled partly additively and partly dominance. Both these 
genetic systems are precise but the latter better-known and probably the 
simpler. can see basic misconception attributing hybrid vigour 
gene interaction. 

Why then has Williams made his unnecessary attack gene inter- 
action Two sources Williams’ confusion seem his use the terms 
independent and additive the forms completely independent 
genetic units and essentially additive genetic system the quotations 
above. have pointed out that properties genes are inferred from the 
phenotype comparison characters between individuals breeding 
experiment. this way may discover that the genetic control fruit 
weight fruit number additive but this does not imply additive control 
either compounds sub-components these Additivity 
not absolute property genetic system and, any case, the existence 
genetic systems the cell level contrary 
present theories genetic control bio-synthesis. Additivity property 
genetic system only relation specific character. 

Similarly, two characters are independently distributed population 
may infer that their controlling genetic systems are independent—but 
only with respect these two characters. Independence not absolute 
property the two genetic other characters controlled them 
may dependent. Indeed, the possibility completely independent 
genetic systems coexisting the one individual seems remote. And whether 
agree disagree with this thesis there surely difficulty accepting 
Williams’ description, our third quotation, mutually dependent 
characters with strictly independent control. 

Our ignorance the determination the phenotype such that 
cannot determine the specific section the phenotype controlled 
specific section the genotype. Mather (1949, 25) puts the matter 
succinctly, therefore clear that while given phenotype, taken 
similar correspondence can expected between the parts the phenotype 
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and the parts the the genes nucleus must related 
action, and the characters must related Without such 
correspondence genes cannot either “completely independent 
essentially additive 

Williams’ attempt partition the genotype order justify his 
arbitrary separation genetics into genetics and somatics has led 
unnecessary attack gene interaction which only confuses the whole 
problem hybrid vigour. 
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HETEROSIS AND THE GENETICS COMPLEX CHARACTERS 


WATKIN WILLIAMS 
John Innes Institute, Bayfordbury 
Received 3.x.60 


Hayman his comments (Hayman, 1960) discussion 
heterosis tomato crosses (Williams, 1959) troubled primarily the 
distinction that attempted draw between somatic and genetic interaction, 
will apparently tolerate none other than the genetics-at-all-cost inter- 
pretation the understanding the biology complex characters (para. 
and, taking his stand, finds necessary claim exclusive rights for 
his own explanations such open subjects gene action and the absolute 
properties genetic systems. Purely dialectical arguments the kind 
which Hayman develops can longer expected contribute materially 
the advance scientific knowledge, and, comments had been less 
obviously personal, would have considered any form reply some- 
what idle exercise. the circumstances wish merely point out the 
basic differences between Hayman’s point view and own our effort 
provide explanation heterosis. 

Hayman appears fail dispute that observations the 
essential role somatic interaction might prove more useful basis 
understanding heterosis. however decides dismiss the criterion 
inconclusive semantic discussion what surely most important con- 

sideration when one attempting rationalise such highly intractable 
subject. doing has tried create the impression that ideas 
heterosis which invoke considerations somatic interaction are not only 
amusingly simple theory but also useless practice. The difficulties 
that have led this curious tangle appear stem from Hayman’s 
eagerness include under the term gene interaction all the interacting 
processes development irrespective whether not there any 
logical reason for suspecting interactions between genes gene products 
the level the cell. this view gene interaction condition which 
can inferred from analyses weights and measurements phenotypes 
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with little reference underlying biological systems. simple 
example may cited expose the dangers inherent this approach. 

One may, for instance, contemplate complex character such the ability 

write interaction between muscular control and brain power, 
according Hayman’s inclinations, may devise method analysis 

suggest gene interaction the exclusive basis the Seven Pillars 
Wisdom. This one way viewing all complex characters, particularly 
heterosis, but hardly rational approach and practice has not 


proved notably helpful. has its origin the understandable desire 
formalise all phenotypic manifestations terms Mendelian genes. 
But, describing integrated characters that are the remote extremes 
gene action, over-simplified gene models would seem have little 


tion, and terms such gene interaction need very careful usage. The use 
such term the way Hayman would have used denudes 


all precision, and invites such universality application and glibness 
discussion that the very existence the term becomes positive drag 
further inquiry. 

The data which reported the tomato can described very 
adequately and simply consideration somatic interaction 
the genetic system. Hayman’s appeal the logarithmic scale seemed 
offer guidance. One should not deluded into false reality 
merely describing one’s data basically different language, which 


what set log tables calculated this connexion. If, seems 
likely, similar models are found satisfactory for other characters and 
other organisms (Leng, 1954), approach the heterosis 


immediately simplified and many the practical problems connected 
with the selection parents and prediction breeding performance can 
approached straightforward observations the phenotype. Such 
development could hardly fail improvement current concepts 
invoking unknown number genes which can neither located 
chromosomes nor identified any specific action and which are created 
fit characters that are only inferred and arbitrarily allocated. 
Finally, may draw attention Hayman’s charge confusion 
sentence, Phenotypic characters may multiplicative and may 
consequently show mutually dependent relationship while the gene system 
strictly additive and its units strictly independent function.” The genetic 
system outlined the model was additive. Allelic interaction was absent 
the determination the level the components many the hybrids, 
and non-allelic interaction was rejected unnecessary for the interpretation 
heterosis the compound character-fruit yield. Multiplicative relation- 
ships between the components was suggested occur the somatic level, 
and this attempt make distinction between events the genic 
level and those the somatic level which Hayman refuses grasp. 
tit 
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EVOLUTION, MARXIAN BIOLOGY, AND THE SOCIAL SCENE. Conway Zirkle. 
Pennsylvania Univ. Press, Oxford Univ. Press. 1959. 60s. 
This book designed show how the public attitude towards evolution 
and genetics western and eastern countries related the views 
Marx and Engels, the actions Lenin and Stalin and the writings and 
teachings communists and non-communists alike. The subject 
large one and the author’s treatment makes even larger. 

Professor Zirkle begins with well constructed account human 
evolution understand including the genetic view the reciprocal 
relations genetic character and culture. There follows analysis 
the conditions influencing the public attitude evolution the time 
the Descent Man. includes illuminating quotations from Godwin, 

Malthus, Lamarck and Darwin. The third chapter deals with the reactions 
Marx and Engels the Origin Species and its connection with 
Malthus. surprising discover (for one who has read only censored 
editions inspired commentaries) how Marx misunderstood and con- 
sequently misrepresented the biology Malthus and Darwin. also 
surprising learn that unlike Engels, was prepared argue that the 
Russians had been their soil or, exact, the 
prevailing geological And further that the common Negro 
type only obvious that Marx, like many later 
racialists and anti-racialists, felt too strongly these matters think 
reasonably. But odd that should have been anti-Marxist. 
The two men, however, agreed inventing canonical Darwin derived 
from Lamarck and disowning Malthus figure surviving to-day the 
hagiology communism. 
The fourth chapter returns science and deals with evolutionary theory 
from 1870 1900. discusses Weismann, Roux, Galton, Samuel Butler, 
Vries and Timiriasev. There follows account the impact 
evolution social studies. The effect may summarised saying that 
social scientists asked themselves, not whether Lamarckism natural 
selection was true, but which would have the more terrible consequences. 
This the question they have continued ask themselves ever since. 
Surprisingly, this early stage, their answers were divided. 

chapters six and seven Professor Zirkle returns again science and 
offers history genetics and evolutionary theory from 1900 
conventional, classical, and sometimes naive, account with the 
genes adding the genotype. But there are useful references quan- 
titative inheritance. Next follows study past degenerative processes 
human evolution such loss hair and sense smell with appropriate 
reflections their continuance the future loss intelligence. 

this stage the author turns back review what the literary layman 
has been saying about evolution and particularly about Lamarckism and 
natural selection. This unlimited quarry for the energetic excavator. 
Professor Zirkle takes Tennyson, Jack London and Shaw his 
examples for quotation. might have found hundred other authors 
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instructive the expression loose misinformed thought and sixty 
pages perhaps more than they deserve here. connect their ideas with 
nection that these writers, and Karl Marx also, were interested impressing 
the public with their knowledge science? And they often hit the 
same Lamarckian formula. Naturally so: Professor Zirkle has shown 
elsewhere, old formula, easy formula and pleasing formula. 
Kammerer and Lysenko come next and the book concludes with 
account the social scientist’s view genetics the United States. Here 
again the result may described Marxian. But should not again 
better say that the easy and pleasing formula the environmentalist 
one? Easy and pleasing because makes Lamarck and Darwin and 
evolution itself superfluous. Indeed one might further. One might 
say that the only polite formula. For one has have clear idea 
genetics and evolution and considerable ingenuity one make their 
application man palatable. 
Professor Zirkle’s book important many different ways although 
not quite the ways that wants believe. Marxism only part, 
diminishingly serious part man’s attitudes the scientific study 
himself. The emotional character these attitudes doubts distorts 
our ideas. Our methods, arguments and conclusions may all awry. 
Zirkle’s extensive quotations enable put these ideas, least the 


classify them. can see their simplifications, their fallacies and their 
subterfuges. During the present undeveloped state genetics, and for 
long time the future, shall have environmentalism and equalitarian- 


ism urged upon some and shall insulted with racial epithets 
others, equally ignorant. Zirkle’s account will help assess what 
are 

But these are complicated and developing problems. For that reason Cre 
mistake for attach the name Marxian one treatment them 
which happen dislike. Just was mistake for Marx attach 
the name Malthusian one treatment which happened dislike. 

anc 


BEHAVIOUR AND EVOLUTION. Anne Roe and Simpson. Yale Univ. 
Oxford Univ. Press. 1958. Pp. 557. 80s. 


The foundation our ideas the relations evolution behaviour 


Darwin gave 1871. Since then the genetic foundations behaviour 
instinct, temperament and capacity for learning have been explored. the 
The effects this exploration, however, have seemed opposite 
animals and man. can now see that the contrast between man and the 
other animals regard the genetic basis his behaviour lies its 


variability and also its complexity. Either these conditions was one 
time, and may still be, supposed exclude the possibility any genetic 
basis. The whole scope the resultant differences opinion has never DAF 
been examined one book. Nor likely be. But the present volume 
brave attempt. 

one extreme, chiefly relation man, the articles tell very little star 
beyond the authors’ state mind. There are number reviews dealing Thr 
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too painstakingly with obscure conceptualisations and hypothesisings 
Their chief value their lists references. the other extreme, 
however, are papers the genetic processes underlying the evolution 
behaviour. Several these are constructive and closely connected. 

The means used separating instinctive from learning mechanisms 
according their genetic components are discussed Thompson. Sperry’s 
observations the non-regeneration the nervous system, reviewed 
Caspari, are relevant this problem. Mayr’s remarks the transition 
from acquired inherited behaviour suggest field for application 
Waddington’s notion genetic assimilation the Baldwin Effect 
Emerson bold step applies this notion the evolution genetic 
mechanisms caste determination. suggests they arise replacements 
earlier physiological mechanisms (p. 319). This principle, which springs 
from the case Melipona contrasted with other Hymenoptera, then 
extends sex determination suggesting that the chromosome mechanism 
has been superimposed the physiological and developmental one. This 
illuminating idea. 

The great problem the future will the use our evidence the 
evolution animal behaviour the study man. This problem not 
squarely faced the present volume. But the stage well set preparation 
for facing it. 


FORERUNNERS DARWIN: Glass and Others. Johns Hopkins 
and Oxford Univ. 1959. 52s. 

Articles the history evolution theory are here brought together, 
some new, some reprinted. The most interesting for geneticists will perhaps 
that revised Arthur Lovejoy from its original form 1909 The 
Arguments for Organic Evolution before the Origin Species, 1830-1858 

Lovejoy here deals detail with Robert Chambers’ Vestiges Natural 
Creation. shows, noting that was first pointed out 1878, that the 
arguments used favour evolution the 1870’s (especially Darwin) 
were almost the same the arguments used Chambers 1844. And 
that included the assumption the inheritance acquired characters. 
Yet Huxley who accepted evolution from Darwin 1859, had ridiculed 
and rejected five years earlier his review Chambers (Brit. For. 
Med-Chir. Rev., 13, 425). Preceding Huxley rejection and following 
him acceptance went the solid body academic opinion. 

The reason for the switch, the author’s view, not rational 
scientific. the intervening years professional scientists had mustered 
the courage assert openly what they believed. Darwin provided them 
with the text and the formal excuse, but not the evidence, for changing 
their opinions. Huxley then built the golden bridge and the learned world 
hurried across. But the learned world still, naturally, believes that 
yielded only the voice reason. 


DARWIN’S BIOLOGICAL WORK. Bell. Cambridge University Press. 1959. 
Pp. 343. 40s. 
this book are assembled six discussions not Darwin’s work 
stands much what went before and what has followed from it. 
Three these are genetical interest. 
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Wilkie the Originality Darwin’s Theory fails come grips 
with his subject. more concerned with what Buffon and Lamarck 
wrote than with what Darwin read, which the important question suggested 
his title. Whitehouse discusses the work which has arisen from Darwin’s 
studies incompatibility. includes also some general history 
genetics, 

Under the title Natural Selection, Haldane covers the widest field. 
Historical and cytological data, mathematical equations, philosophical, 
psychological and personal reflections are added brief general account 
genetics, review recent experimental work, approval Michurin 
and disapproval Lysenko. The value these notes that from them 
one might try piece together the theory genetics and its methods 
and the definitions terms which Haldane has mind. The task would 
not easy one however. For here several theories seem super- 
imposed. Sometimes they come the same page. Thus, are told 
(on 143), Instincts are hard explain natural selection, because 
know almost nothing about their variation and inheritance Again 
sense which can say that instincts are Lower down, 
however: know that selection can rapidly 
behaviour 

One may often notice that early Mendelian writers attempting 
show that all inheritance was Mendelian went too far. They led themselves 
believe that only what showed Mendelian segregation Mendelian 
breeding experiments was regarded inherited. Thus instead 
expanding their methods and ideas fill genetics they shrank genetics 
the size their methods and ideas. The impression have from the present 
article that Haldane has followed this path. Where leads may now 


THE ORIGIN SPECIES, CHARLES DARWIN—A VARIORUM TEXT. Peckham 
Morse (Ed.). Pennsylvania Univ. Press, Oxford Univ. Press. Pp. 816. 120s. 


Variorum edition should edition the complete works 
classical author such Darwin cum notis variorum, i.e. various editors 
and commentators. 

This book, however, catalogue the 20,000 changes made 
Darwin the successive editions the Origin from the first the sixth. 
taken sentence sentence and every change recorded word, 
letter, comma, the text the contents, the instructions 
binders. nearly eighty years since Samuel Butler published the results 
similar but more selective comparison. There are conclusions 
such unpleasant kind Butler’s drawn from the present work. 
Indeed would seem that there are conclusions any kind drawn 
that have not been drawn before, were not for one section the account 
book John Murray for the six editions. This shows how much larger 
was the proportion profits paid authors the nineteenth century than 
to-day: for the First Edition, £180 the Author, £57 the 
Publisher. The other 800 pages this book seem the fine flower 


— 


dis 
Ev: 
dise 
THE 
d 
ASA 
SEX 


REVIEWS 333 


VICTORIAN (i) DARWIN ANNIVERSARY ISSUE. Various Authors. 
1959. Indiana University. Pp.128. 35s. 


SES MECANISMES (Symposium). Heuts and Others. 

Archives Philosophie, (i). 

These two books both concern the wider bearings evolutionary theory. 
The French symposium contains nothing special biological interest. 
Victorian Studies, however, like Forerunners Darwin, covers new historical 
ground. Most significant Goldman’s review evolutionary theory 
social anthropology. The attempt treat types society though they 
evolved like species, led several false trails. Having taken short cut 
through the problems genetics, the Darwinian biologists also did, the 
anthropologists lost the scent and have never been able pick again. 
What they have been doing the meantime this review clearly relates. 


Pp. 

The growth human race genetics has prompted the reprinting 
number research and review articles, British and American, this book. 
One these Livingstone gives original account the relation 
agriculture, malaria and hemoglobin genetics the recent evolution 
the African peoples. Most the articles, however, are inconclusive. 
Even his own contribution, the editor shows enthusiasm rather than 
discretion. The notion that human races were the product evolution 
announces, “had been denied such authority 
Evidently the celebrations 1958 and 1959 did not make universal 
impression. 


GROWING NEWCASTLE UPON TYNE. Miller and Others. Oxford 
Univ. Press. 1960. Pp. 369. 
account the illnesses children thousand families, sequel 
first volume published 1954. The thoroughness the nature the 
investigation may judged the conclusion (p. 191) that genetic 
disease was found only three families. The apparent absence twins 
perhaps also significant. 


THE CHEMISTRY HEREDITY. Stephen Zamenhof. Springfield: Thomas. 
Oxford Blackwell. 1959. 34s. 


simple and original introduction chemical genetics from the point 
view chemist. The price, however, too high. 
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No. Austin (Ed.). 1960. Cambridge Univ. Press. 45s. 
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THE CONTROL GROWTH AND STUDY THE EPIDERMAL CELL 
INSECT (with section Polymorphism). Wigglesworth. Cornell 
Univ. London: Oxford Univ. Press. 1960. Pp. 140. 21s. 


ENZYMES: Lectures held the Conference Enzymes and their action. 
Slater and Others. Zwolle, Netherlands: Tjeenk Willink. 1959. 


PLASMATISCHE Rudolph Hagemann. Ziemsen: Luther- 
stadt. 1959. Pp. 88, figs. (diagrams, microphotographs, etc.). 4.50 


THEORIES L’EVOLUTION DES VERTEBRES RESONSIDEREES LUMIERE DES 
RECENTES DECOUVERTES SUR LES VERTEBRES Eric Jarrik. 
Masson. 1960. Pp. 104, figs. (Translation from the Swedish.) 


INHERITANCE GLIOMA. Van Der Wiel. Amsterdam: Elsevier. London: 
Nostrand Co. 1960. Pp. 275. 63s. 


THE MENTALLY RETARDED SOCIETY. Davies. Columbia Univ. Press. 
Oxford Univ. Press. 1959. Pp. 248. 45s. 


NATURE AND MAN’S Garrett Hardin. New York: Rinehart. 1959. Pp. 375. 
$6.00. 


THE AGE THE WORLD Moses Darwin. Francis Haber. Johns Hopkins 
Univ. Press. Oxford Univ. Press. 1960. Pp. 303. 40s. 
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ABSTRACTS Papers read the HUNDRED AND THIRTY-THIRD 
MEETING the Society held 12th and 13th JULY 1960, the 
UNIVERSITY LIVERPOOL 


GENETICS PSEUDOXANTHOMA ELASTICUM 
BERLYNE and ROBERT PLATT 
Department Medicine, University Manchester 


Pseudoxanthoma elasticum (P.X.E.) rare inherited disease elastic tissue 
which normally behaves recessive. Examination case reports showed that 
families two more sibs, which complete sibships were recorded, 
show either males females affected, but not both. This strongly suggests the 
possibility partial sex linkage but some doubts are thrown upon this theory 
cases resulting from consanguineous matings. These will discussed. 

Relatives four families which P.X.E. has occurred have been examined 
see whether any manifestation can detected the heterozygote. all four 
families some first-degree relatives have shown abnormally visible major choroidal 
vessels, 


FEATURES THE MOUSE 
Anthropology Laboratory, Department Anatomy, University Liverpool 


Two genetically different forms obesity associated with infertility and hyper- 
are now known the mouse. Much attention has been devoted the 
condition, but only recently discovered Falconer, 
has not yet been completely described. The reproductive system 12-week-old 
animals with this syndrome has therefore been systematically examined. Typically, 
though not invariably, the ovaries lack luteal tissue, the uterus undeveloped and 
vaginal cycles are always weak and irregular. the other hand, structurally mature 
Graaffian follicles are produced and little histological pathology evident the 
The testes are small, but apparently normal spermatogenesis occurs and the 
accessory reproductive tract indistinguishable from the wild type. The penis 
and scrotum, however, are poorly developed and males like females are completely 
sterile. The reproductive system very similar that mice and 
indicative gonadotrophin deficiency, but least weeks age not 
abnormal and consequence that the obesity also less. 

has been maintained that the diabetic condition the mouse 
dependent upon pituitary diabetogenic hormone. If, seems 
likely, the same situation prevails anomalous that tail growth 
and the tibia test indicate increased output growth hormone, since 
widely believed that growth hormone and the diabetogenic factor are the same 
substance. 


EVIDENCE FOR THE EFFECTIVENESS DISRUPTIVE 
SELECTION NATURE 


Departments Medicine and Zoology, University Liverpool 


The African swallowtail butterfly, Papilio dardanus, markedly polymorphic 
the female and many the forms are mimetic. males are everywhere 
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monomorphic and tailed, whereas the majority the female forms are tailless like 
their models. However, race meriones from Madagascar the female non-mimetic 
and always male-like and tailed. race antinorii from Abyssinia, about per 
cent. the females are also non-mimetic, male-like and tailed, but mimics 
occur and are always tailed. 

Measurement wild material and race crosses carried out this country 
indicate 

That taillessness semi-dominant tailed, and that the locus controlling 
the character independent that determining wing pattern. 

That using tailless race the dominance females more complete race 
crosses with antinorii than with meriones. Within race antinorii, particularly the 
mimetic forms, the tails are shorter than males all races and the females 
meriones. 

The difference between the tail length the females and those 
meriones, coupled with the differences between the male-like and mimetic forms, 
suggest that there disruptive selection tending reduce the tail length the 
mimetic but not the non-mimetic forms. This view strengthened the fact 
that the variance tail length greater than meriones would 
anticipated analogy with Thoday’s results Drosophila. Moreover, the tailed 
individuals the antinorii tailless stock the variance tends increase 
and the difference the mean tail length between the forms vanish. 


The findings generally suggest that antinorii selection operating towards 
taillessness (i.e. more perfect mimicry) the mimics the absence the major 


gene for taillessness. 


THE LEWIS ANTIGENS SALIVA 
McCONNELL 
Department Medicine, University Liverpool 


Studies have been made the Lewis antigen content saliva. difficulty 
has been found scoring specimens from non-secretors for the presence absence 
Le® substance they have been stored for three months longer. 
With secretor saliva, however, anti-Le® sera differ from each other the extent 
which they are inhibited repeated testing with several antisera has been 
possible get clear separation specimens which contain Lewis antigens from 
those which not inhibit 

per cent. 861 normal people Lewis antigens have been detected 
the saliva, and there are significant differences between the frequencies 
males and females, secretors and non-secretors, nor between those the different 
ABO blood groups. Family studies have given results compatible with the hypo- 
thesis that the presence Lewis antigens saliva inherited dominant 
character. The genetical interpretation complicated the fact that amongst 
those scored having Lewis antigens are number individuals, both secretors 


and non-secretors, whose fresh saliva inhibits The titre the inhibiting 
substance gradually drops during storage until after 1-3 months there 


inhibition, unlike the titre the usual Le® substance which —20° remains 


constant for least year. 
anti-Le® serum described which not inhibited non-secretor salivas 


high Le® titre nor secretor salivas which not contain inhibited 
only secretor salivas which contain Le® substance, further evidence that the 
substance the saliva non-secretors antigenically different from the 
substance the saliva secretors. 
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GENETIC STUDIES DUODENAL ULCER 


PRICE EVANS 
Department Medicine, University Liverpool 


Recent studies have brought light two specific genetic factors which seem 
contribute the inherited tendency duodenal ulcer. These two genetic factors 
are, firstly, blood group and secondly, salivary ABH non-secretion, both 
which have been shown associated with the disease population surveys. 

The present position studies these two associations will reviewed. 


PROTECTIVE FACTORS ERYTHROBLASTOSIS 


RONALD FINN 
Department Medicine, University Liverpool 


Only one twenty Rhesus negative women carrying Rhesus positive foetus 
becomes sensitised, and therefore probable that protective mechanisms exist. 
Such mechanisms are known include ABO incompatibility and the placental 
barrier. Further evidence support ABO incompatibility presented, together 
with experimental observations the passage foetal red cells across the placenta. 


HUMAN INTERSEXES 


FRANCIS 
Department Obstetrics and University Liverpool 


Sex determination dependent upon genetic, gonadal and genital factors. 
Our knowledge anomalous chromosomal patterns, atypical gonadal structure 
and ambiguous genitalia has greatly advanced the past decade. However, 
many problems intersexuality remain unsolved. 


HEREDITARY MODIFICATIONS POXYVIRUSES 


Department Bacteriology, University Liverpool 


Progress the study recombination among animal viruses has been hampered 
the lack suitable selective markers. ‘The authors have had some success 
demonstrating heritable characters viruses the pox group which may facilitate 
the study recombination between some these 
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